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(54) Phenyl sulfonamide and their use as endothelin antagonists. 

(57) Compounds of the formula 




inhibit the activity of endothelin. The symbols are defined as follows : 
one of X and Y is N and the other is O ; 
R 1 , R 2 and R 3 are each independently 

(a) hydrogen, except that R 1 is other than hydrogen ; 

(b) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, aryloxy, 
aralkyl, or aralkoxy, any of which may be substituted with Z 1 , Z 2 and Z 3 ; 

(c) halo ; 

(d) hydroxyl ; 

(e) cyano ; 

(f) nitro; 

(g) -C(0)H or -C(0)R 6 ; 

(h) -C0 2 H or -C0 2 R 6 ; 

(i) -SH, -S(0) n R 6 , -S(0) m -OH, -S(0) m -OR 6 , -0-S(0) m -R 6 , -0-S(0) m OH, or -0-S(0) m -OR 6 ; 
(j) -Z 4 -NR 7 R 8 ; or 

(k) -Z 4 -N(R 11 )-Z 5 -NR 9 R 10 ; 

and the remaining symbols are as defined in the specification. 
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Field of the Invention 

This invention relates to endothelin antagonists useful, inter alia, for treatment of hypertension. 
5 Brief Description of the Invention 
Compounds of the formula 



15 




and pharmaceutical^ acceptable salts thereof are endothelin receptor antagonists useful, inter alia , as anti- 
hypertensive agents. Throughout this specification, the above symbols are defined as follows: 
20 one of X and Y is N and the other is O; 

R 1 , R 2 and R 3 are each independently 

(a) hydrogen, except that R 1 is other than hydrogen; 

(b) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, aryloxy, 
aralkyl, or aralkoxy, any of which may be substituted with Z 1 , Z 2 and Z 3 ; 

25 (c) halo; 

(d) hydroxyl; 

(e) cyano; 

(f) nitro; 

(g) -C(0)H or-C(0)R6; 
30 (h) -C0 2 H or -C0 2 R 6 ; 

(i) -SH, -S(0) n R6, -S(0) m -OH, -S(0) m -OR6, -0-S(0) m -R6, -0-S(0) m OH, or -0-S(0) m -OR6; 

0) -Z 4 -NR 7 R 8 ; or 

(k) -Z 4 -N(R 11 )-Z 5 -NR 9 R 10 ; 

R 4 and R 5 are each independently 
35 (a) hydrogen; 

(b) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, aryloxy, 
aralkyl, or aralkoxy, any of which may be substituted with Z 1 , Z 2 and Z 3 ; 

(c) halo; 

(d) hydroxyl; 
40 (e) cyano; 

(f) nitro; 

(g) -C(0)H or-C(0)R6; 

(h) -C0 2 H or -C0 2 R 6 ; 

(i) -SH, -S(0) n R6, -S(0) m -OH, -S(0) m -OR6, -0-S(0) m -R*, -0-S(0) m OH, or -0-S(0) m -OR6; 

45 (j) -Z 4 -NR7RS; 

(k) -Z 4 -N(R 11 )-Z 5 -NR 9 R 10 ; or 

(I) R 4 and R 5 together are alkylene or alkenylene (either of which may be substituted with Z 1 , Z 2 and Z 3 ), 
completing a 4- to 8-membered saturated, unsaturated or aromatic ring together with the carbon atoms 
to which they are attached; 

50 R6 is alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, or 

aralkyl, any of which may be substituted with Z 1 , Z 2 and Z 3 ; 
R 7 is 

(a) hydrogen; 

(b) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, or aralkyl, 
55 any of which may be substituted with Z 1 , Z 2 and Z 3 ; 

(c) cyano; 

(d) hydroxyl; 

(e) -C(Q)H or -C(Q)R 6 ; 
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(f) -C0 2 R 6 ; 

(g) -SH, -S(0)nR 6 , -S(0)m-OH, -S(0)m-OR 6 , -0-S(0)m-R 6 , -0-S(0)mOH, or-0-S(0)m-OR 6 , except when 
Z 4 is -S(0) n -; 

5 R 8 is 

(a) hydrogen; 

(b) -C(0)H or-C(0)R6 except when Z 4 is -C(O)- and R 7 is -C(0)H, -C(0)R 6 , or-C0 2 R 6 ; 

(c) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, oraralkyl, 
any of which may be substituted with Z 1 , Z 2 and Z 3 ; or 

10 R 7 and R 8 together are alkylene or alkenylene (either of which may be substituted with Z 1 , Z 2 and Z 3 ), 

completing a 3- to 8-membered saturated, unsaturated or aromatic ring together with the nitrogen atom to which 
they are attached; 
R 9 is 
(a) hydrogen; 
15 (b) hydroxy I; 

(c) -C(0)H or -C(0)R 6 ; 

(d) -C0 2 R 8 ; 

(e) -SH, -S(0) n R 8 , -S(0) m -OH, -S(0) m -OR 8 , -0-S(0) m -R 8 , -0-S(0) m OH, or -0-S(0) m -OR 8 ; 

(f) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, or aralkyl, 
20 any of which may be substituted with Z 1 , Z 2 and Z 3 ; 

R 10 is 

(a) hydrogen; 

(b) -C(0)H or -C(0)R 6 , except when Z 5 is -C(O)- and R 9 is -C(0)H, -C(0)R 6 , or -C0 2 R 6 ; or 

(c) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, oraralkyl, 
25 any of which may be substituted with Z 1 , Z 2 and Z 3 ; 

R" is 

(a) hydrogen; 

(b) hydroxyl; 

(c) -C(0)H, -C(0)R 6 or C0 2 R 6 ; or 

30 (d) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, oraralkyl, 

any of which may be substituted with Z 1 , Z 2 and Z 3 ; 
or any two of R 9 , R 10 and R 11 together are alkylene or alkenylene (either of which may be substituted with Z 1 , 
Z 2 and Z 3 ), completing a 3- to 8-membered saturated, unsaturated or aromatic ring together with the atoms to 
which they are attached; 

35 Z 1 , Z 2 and Z 3 are each independently 

(a) hydrogen; 

(b) halo; 

(c) hydroxy; 

(d) alkyl; 
40 (e) alkenyl; 

(f) aralkyl; 

(g) alkoxy; 

(h) aryloxy; 

(i) aralkoxy; 

45 (j) -SH, -S(0) n Z 8 , -S(0) m -OH, -S(0) m -OZ 8 , -0-S(0) m -Z 8 , -0-S(0) m OH, or -0-S(0) m -OZ 8 ; 

(k) oxo; 
(I) nitro; 
(m) cyano; 

(n) -C(0)H or -C(0)Z 6 ; 
so (o) -C0 2 H or -C0 2 Z 6 ; 

(p) -Z 4 -NZ 7 Z 8 ; 

(q) Z4-N(Z11)-Z5-Z 8 ; or 

(r) -Z 4 -N(Z 11 )-Z 5 -NZ 7 Z 8 ; 

Z 4 and Z 5 are each independently 
55 (a) a single bond; 

(b) -Z 9 -S(0) n -Zio- ; 

(c) -Z 9 -C(0)-Z 10 -; 

(d) -Z 9 -C(S)-Z 10 -; 

(e) -Z 9 -0-Z 10 -; 
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(f) -Z 9 -S-Z 10 -; or 

(g) -Z 9 -0-C(0)-Z 10 -; 

Z 6 , Z 7 and Z 8 are each independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, cy- 
5 cloalkenyl, cycloalkenylalkyl, aryl, or aralkyl, or 77 and Z 8 together are alkylene or alkenylene, completing a 3- 
to 8-membered saturated, unsaturated or aromatic ring together with the nitrogen atom to which they are at- 
tached; 

Z 9 and Z 10 are each independently a single bond, alkylene, alkenylene, or alkynylene; 
Z" is 

10 (a) hydrogen; 

(b) hydroxyl; 

(c) -C(0)H, -C(0)Z 8 or -C0 2 Z 6 ; 

(d) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, or aralkyl; 
or any two of Z 7 , Z 8 and Z 11 together are alkylene or alkenylene, completing a 3- to 8-membered saturated, 

15 unsaturated, or aromatic ring together with the atoms to which they are attached; 

m is 1 or 2; and 

n is 0, 1 , or 2. 
For compound I, it is preferred that: 

R 1 is phenyl or phenoxy, optionally substituted with alkyl, alkoxy, -NZ 7 Z 8 , halo, or hydroxy; 
20 R 2 and R 3 are each independently hydrogen, alkyl, or -NR 7 R 8 ; 

R 4 and R 5 are alkyl; and 

R 7 , R 8 , Z 7 and Z 8 are each independently hydrogen, alkyl, or -C(0)alkyl. 
Most preferred compounds are those wherein: 

R 1 is phenyl or phenoxy, optionally substituted with alkyl, alkoxy, amino, alkylamino, dialkylamino, al- 
25 kanoylamino, or hydroxy; 

R 2 and R 3 are each independently hydrogen, alkyl of 1 to 4 carbon atoms, amino, alkylamino, dialkyla- 
mino, or alkanoylamino; and 

R 4 and R 5 are alkyl of 1 to 4 carbon atoms, especially methyl. 

30 Detailed Description of the Invention 

Listed below are definitions of terms used in this specification. These definitions apply to the terms as 
used throughout this specification, individually or as part of a not her group, unless otherwise limited in specific 
instances. 

35 The terms "alkyl" and "alkoxy" refer to straight or branched chain hydrocarbon groups having 1 to 1 0 carbon 

atoms. The terms "lower alkyl" and "lower alkoxy" refer to groups of 1 to 4 carbon atoms, which are preferred. 
The term "aryl" or "ar-" refers to phenyl, naphthyl, and biphenyl. 

The term "alkenyl" refers to straight or branched chain hydrocarbon groups of 2 to 10 carbon atoms having 
at least one double bond. Groups of two to four carbon atoms are preferred. 
40 The term "alkynyl" refers to straight or branched chain groups of 2 to 1 0 carbon atoms having at least one 

triple bond. Groups of two to four carbon atoms are preferred. 

The term "alkylene" refers to a straight chain bridge of 1 to 5 carbon atoms connected by single bonds 
(e.g., -(CH 2 ) X - wherein x is 1 to 5), which may be substituted with 1 to 3 lower alkyl groups. 

The term "alkenylene" refers to a straight chain bridge of 2 to 5 carbon atoms having one or two double bonds 
45 that is connected by single bonds and may be substituted with 1 to 3 lower alkyl groups. Exemplary alkenylene 
groups are -CH=CH-CH=CH-, -CH 2 -CH=CH-, -CH 2 -CH=CH-CH 2 -, -C(CH 3 ) 2 CH=CH-, and -CH(C 2 H 5 )-CH=CH. 

The term "alkynylene" refers to a straight chain bridge of 2 to 5 carbon atoms that has a triple bond therein, 
is connected by singe bonds, and may be substituted with 1 to 3 lower alkyl groups. Exemplary alkynylene 
groups are -C=C-, -CH 2 -C=C-, -CH(CH 3 )-C=C-, and -C=C-CH(C 2 H 5 )CH 2 -. 
so The term "alkanoyl" refers to groups of the formula -C(0)alkyl. 

The terms "cycloalkyl" and "cycloalkenyl" refer to cyclic hydrocarbon groups of 3 to 8 carbon atoms. 

The terms "halogen" and "halo" refer to fluorine, chlorine, bromine and iodine. 

The compounds of formula I form salts which are also within the scope of this invention. Pharmaceutically 
acceptable (i.e., non-toxic, physiologically acceptable) salts are preferred, although other salts are also useful, 
55 e^, in isolating or purifying the compounds of this invention. 

The compounds of formula I may form salts with alkali metals such as sodium, potassium and lithium, with 
alkaline earth metals such as calcium and magnesium, with organic bases such as dicyclohexylamine, ben- 
zathine, N-methyl-D-glucamide and hydrabamine, and with amino acids such as arginine, lysine and the like. 
Such salts may be obtained by reacting compound I with the desired ion in a medium in which the salt predpi- 
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tates or in an aqueous medium followed by lyophilization. 

When the R 1 to R 5 substituents comprise a basic moiety, such as amino or substituted amino, compound 
I may form salts with a variety of organic and inorganic acids. Such salts include those formed with hydrochloric 
5 acid, hydrogen bromide, methanesulfonic acid, sulfuric acid, acetic acid, maleic acid, benzenesulfonate, tol- 
uenesulfonate, and various other sulfonates, nitrates, phosphates, borates, acetates, tartrates, maleates, cit- 
rates, succinates, benzoates, ascorbates, salicylates, and the like. Such salts may be formed by reacting com- 
pound I in an equivalent amount of the acid in a medium in which the salt precipitates or in an aqueous medium 
followed by lyophilization. 

10 In addition, when the R 1 to R 5 substituents comprise a basic moiety such as amino, zwitterions ("inner 

salts") may be formed. 

Certain of the R 1 to R 5 substituents of compound I may contain asymmetric carbon atoms. Such com- 
pounds of formula I may exist, therefore, in enantiomeric and diasteromeric forms and in racemic mixtures 
thereof. All are within the scope of this invention. 
15 The compounds of formula I are antagonists of ET-1 , ET-2, and/or ET-3 and are useful in treatment of all 

endothelin-dependent disorders. They are thus useful as antihypertensive agents. By the administration of a 
composition having one (or a combination) of the compounds of this invention, the blood pressure of a hyper- 
tensive mammalian (e.g., human) host is reduced. 

The compounds of the present invention are also useful in the treatment of disorders related to renal, glo- 
20 merular, and mesangial cell function, including chronic renal failure, glomerular injury, renal damage secondary 
to old age, nephrosclerosis (especially hypertensive nephrosclerosis), nephrotoxicity (including nephrotoxicity 
related to imaging and contrast agents), and the like. The compounds of this invention may also be useful in 
the treatment of disorders related to paracrine and endocrine function. 

The compounds of the present invention are also useful in the treatment of endotoxemia or endotoxin 
25 shock. 

The compounds of the present invention are also useful as anti-ischemic agents for the treatment of, for 
example, heart, renal and cerebral ischemia and the like. 

In addition, the compounds of this invention may also be useful as anti-arrhythmic agents; anti-anginal 
agents; anti-f ibrillatory agents; anti-asthmatic agents; therapy for myocardial infarction; therapy for peripheral 

30 vascular disease (e.g., Raynaud's disease); anti-atherosclerotic agents; treatment of cardiac hypertrophy (e.g., 
hypertrophic cardiomyopathy); treatment of pulmonary hypertension; additives to cardioplegic solutions for 
cardiopulmonary bypasses; adjuncts to thrombolytic therapy; treatment of central nervous system vascular dis- 
orders, such as stroke, migraine, and subarachnoid hemorrhage; treatment of central nervous system beha- 
vioral disorders; treatment of gastrointestinal diseases, such as ulcerative colitis and Crohn's disease; anti- 

35 diarrheal agents; regulation of cell growth; and treatment of hepatoxicity and sudden death. 

The compounds of this invention can also be formulated in combination with endothelin converting enzyme 
(ECE) inhibitors, such as phosphoramidon; platelet activating factor (PAF) antagonists; angiotensin II (All) re- 
ceptor antagonists; renin inhibitors; angiotensin converting enzyme (ACE) inhibitors such as captopril, zofe- 
nopril, fosinopril, ceranapril, alacepril, enalapril, delapril, pentopril, quinapril, ramipril, lisinopril, and salts of such 

40 compounds; neutral endopeptidase (NEP) inhibitors; calcium channel blockers; potassium channel activators; 
beta-adrenergic agents; antiarrhythmic agents; diuretics, such as chlorothiazide, hydrochlorothiazide, flume- 
thiazide, hydroflumethiazide, bendroflumethiazide, methylchlorothiazide, trichloromethiazide, polythiazide or 
benzothiazide as well as ethacrynic acid, tricrynafen, chlorthalidone, furosemide, musolimine, bumetanide, 
triamterene, amiloride and spironolactone and salts of such compounds; thrombolytic agents such as tissue 

45 plasminogen activator (tPA), recombinant tPA, streptokinase, urokinase, prourokinase, and anisoylated plas- 
minogen streptokinase activator complex (APSAC). If formulated as a fixed dose, such combination products 
employ the compounds of this invention within the dosage range described below and the other pharmaceut- 
ically active agent within its approved dosage range. The compounds of this invention may also be formulated 
with or useful in conjunction with antifungal and immunosuppressive agents such as amphotericin B, cyclo- 

50 sporins and the like to counteract the glomerular contraction and nephrotoxicity secondary to such compounds. 
The compounds of this invention may also be used in conjunction with hemodialysis. 

The compounds of the invention can be administered orally or parenterally to various mammalian species 
known to be subject to such maladies, e.g., humans, in an effective amount within the dosage range of about 
0.1 to about 100 mg/kg, preferably about 0.2 to about 50 mg/kg and more preferably about 0.5 to about 25 

55 mg/kg (or from about 1 to about 2500 mg, preferably from about 5 to about 2000 mg) in single or 2 to 4 divided 
daily doses. 

The active substance can be utilized in a composition such as tablet, capsule, solution or suspension con- 
taining about 5 to about 500 mg per unit dosage of a compound or mixture of compounds of formula I or in 
topical form for wound healing (0.01 to 5% by weight compound of formula I, 1 to 5 treatments per day). They 
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may be compounded in a conventional manner with a physiologically acceptable vehicle or carrier, excipient, 
binder, preservative, stabilizer, flavor, etc., or with a topical carrier such as Plastibase (mineral oil gelled with 
polyethylene) as called for by accepted pharmaceutical practice. 
5 The compounds of the invention may also be administered topically to treat peripheral vascular diseases 

and as such may be formulated as a cream or ointment. 

The compounds of formula I can also be formulated in compositions such as sterile solutions or suspen- 
sions for parenteral administration. About 0.1 to 500 milligrams of a compound of formula I is compounded with 
a physiologically acceptable vehicle, carrier, excipient, binder, preservative, stabilizer, etc., in a unit dosage 
10 form as called for by accepted pharmaceutical practice. The amount of active substance in these compositions 
or preparations is such that a suitable dosage in the range indicated is obtained. 
The compounds of the present invention may be prepared as follows. 
An amine 

15 II 



20 




is treated with an acid (e.g., hydrochloric acid) and sodium nitrite in a solvent (e.g., water, acetic acid) at about 
-20 to 0°C, followed by sulfur dioxide, and a copper (I) salt (e.g., copper (I) chloride) in a solvent (e.g., acetic 
25 acid) at about 5 to 30°C to form a sulfonyl halide 



30 




35 

Sulfonyl halide III is coupled with an isoxazolamine 



45 




in an anhydrous organic solvent (e.g., pyridine) to form compound I. 

Compound I wherein R 1 , R 2 or R 3 is aryl may be prepared by metal (e.g., palladium (0)) catalyzed coupling 

50 of the associated halo compound I (wherein R 1 , R 2 or R 3 is halogen) with aryl metalloids (i.e., aryl derivatives 
of tin, silicon, boron, and the like, such as phenylboronic acid). See, for example, the procedures of Example 
4. A phenylboronic acid may be prepared by treating an aryl halide with n-butyllithium or magnesium turnings 
in tetrahydrofuran, and adding trimethy I borate and finally aqueous hydrochloric acid. Alternatively, a phenyl- 
boronic acid may be prepared by adding a phenyl magnesium bromide to a solution of trimethyl borate and 

55 quenching with aqueous hydrochloric acid. Depending on the desired result, certain phenylboronic acids may 
be prepared by mixing an aryldihalide with palladium (0) and adding a grignard reagent to prepare a desired 
aryl halide before treating the aryl halide as described above. 

Also depending on the desired result, certain phenylboronic acids may be prepared by ortho lithiation of 
a subsituted benzene. Treatment of the substituted benzene with, for example, n-butyl lithium removes an or- 
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tho proton. Subsequent treatment with B(OCH 3 ) 3 and HCI results in an ortho-substituted phenylboronic acid. 

There are several other alternatives for preparing a compound of the formula I wherein specifically is 
aryl. For example, a compound of the formula I may be prepared by metal (e.g., palladium (0)) catalyzed cou- 
5 pling of a halobenzenesulfonamide with a phenylboronic acid. The resulting biphenyl sulfonamide is reacted 
with a haloisoxazole and a base (e.g., Cs 2 C0 3 ). 

Alternatively, a halobenzene sulfonyl chloride may be reacted with a pyrrole. The product is coupled, using 
a metal (e.g., palladium(O)) catalyst, with a substituted phenylboronic acid, treated with a base (e.g., NaOH) 
and then PCI 5 , and finally treated with an isoxazolamine of the formula IV. 
10 Compounds of the formula I may also be prepared by treating a halobenzene, substituted in the meta pos- 

ition, with CIS0 3 H. The resulting substituted halobenzene sulfonyl chloride is then treated as described above. 

For compounds wherein any of R 1 to R 5 comprise reactive functionalities, the reactants may be treated 
with protecting agents prior to coupling. The amine portion of the sulfonamide core may also need to be pro- 
tected when different R 1 , R 2 and R 3 groups are added. Suitable protecting agents and procedures for use there- 
15 of are generally known in the art. Exemplary protecting groups are benzyl, halocarbobenzyloxy, tosyl and the 
like for hydroxyl; carbobenzyloxy, halocarbobenzyloxy, acetyl, benzoyl, met hoxyethoxy methyl and the like for 
amino. The sulfonamide nitrogen may be protected with methoxyethoxymethyl, trimethylsilylethoxymethyl, t- 
butyl and the like. Protecting groups may be removed from the resulting protected analogues of compound I 
by treatment with one or more deprotecting agents. Suitable deprotecting agents and procedures for use there- 
20 of are generally known in the art. 

To form compound I wherein one or more of R 1 to R 3 is -NR 7 R 8 and R 7 and/or R 8 is -C(0)R 6 , the associated 
nonacyl sulfonic acid 

25 V 



30 




is treated with water and an alkali metal hydroxide (e.g., sodium hydroxide) to form a sulfonic acid salt 

35 

VI 



40 




45 wherein M + is a lithium, sodium or potassium ion. Salt VI is treated with an acylating agent (e.g., acetic an- 
hydride) at about 90 to 110°C in either the acylating agent as solvent or in an anhydrous organic solvent (e.g., 
pyridine) to form the associated acylamine of formula VI, wherein one or more of R 1 , R 2 and R 3 is -N R 7 R 8 and 
at least one of R 7 and R 8 is -C(0)R 6 . Acylamine VI is then treated with a halosulfonic acid solution (e.g., chlor- 
osulfonic acid) or with another halogenating agent (e.g., phosphorus pentachloride, thionyl chloride) at about 

50 0°C to 80°C to form an acyl-sulfonic halide III, which is coupled with isoxazolamine IV as described above to 
form compound I wherein at least one of R 1 , R 2 and R 3 is -NR 7 R 8 and at least one of R 7 and R 8 is -C(0)R 6 . 

To form compound I wherein one or more of R 1 to R 3 is alkoxy, the associated sulfonic acid V wherein one 
or more of R 1 to R 3 is hydroxy may be treated with an alkylating agent (e.g., dimethylsulfate) and an alkali metal 
hydroxide (e.g., sodium hydroxide) in an aqueous/organic solvent mixture (e.g., water/ethanol). The resulting 

55 alkoxy sulfonic add salt VI may be used as described above to form compound I. 

Monoamines of formula I (for example having -NR 7 R 8 wherein one of R 7 and R 8 is hydrogen) are prepared 
from the assodated free amine (for example wherein R 7 and R 8 are both hydrogen). The free amine is treated 
with (1) a ketone or aldehyde (e.g., acetone), (2) a reducing agent (e.g., sodium cyanoboro hydride) or hydrogen 
gas (H 2 ) and a catalyst (e.g., palladium on carbon), and (3) an acid (e.g., acetic acid, hydrochloric acid) in an 
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organic solvent (e.g., methanol) to form the associated monoamine compound I. Diamines of formula I, of 
course, may be similarly prepared. Additionally, the monoamines may be acylated. 

Monoamines of formula I (for example having -NR 7 R 8 wherein one of R 7 and R 8 is hydrogen) may also be 
5 prepared from the associated acylamine by treatment with a reducing agent, for example, borane. 

The invention will now be further described by the following working examples, which are preferred em- 
bodiments of the invention. These examples are meant to be illustrative rather than limiting. 

Example 1 

10 

N-(3,4-Dimethyl-5-isoxazolyl)[1 l 1'-biphenyl]-2-sulfonamide 

A. 2-Phenylbenzenesulfonyl chloride 

2-Aminobiphenyl (5.08 g, 30 mmol) was added in one portion to a mixture of concentrated hydrochloric 
acid (10 ml_) and glacial acetic acid (3 ml_) in a beaker equipped with a mechanical stirrer. The thick pink 

15 hydrochloride salt was cooled in a dry ice-ethanol bath to -10°C. A solution of sodium nitrite (2.24 g, 32.5 

mmol) in water (3.5 ml_) was added dropwise at a rate such that the temperature did not exceed -5°C. This 
mixture was stirred for 45 min maintaining the temperature between -10°C and -5°C. In a separate beaker, 
sulfur dioxide gas was bubbled through 30 ml_ of glacial acetic acid under vigorous stirring for 20 minutes. 
Copper(l) chloride (0.75 g) was added to this solution and bubbling of sulfur dioxide gas was continued 

20 until the yellow-green suspension became blue-green and most of the solids dissolved (about 30 minutes). 

This mixture was cooled to 10°C in an ice bath with stirring and to it was added the diazotization mixture 
in portions over 30 minutes, after which period the ice- bath was removed and the mixture was allowed to 
warm to room temperature. The green mixture was stirred for an additional 30 minutes and poured into 
ice-water (100 ml_, 1:1) and the precipitated gummy solid was extracted with ether (3 x 75 ml_). The com- 

25 bined extracts were washed with saturated sodium bicarbonate solution until neutral and washed with wa- 

ter (2 x 50 ml_), dried (magnesium sulfate) and concentrated under vacuum to yield 5.0 g (66%) of com- 
pound A as a light brown solid. 

B. N-(3,4-Dimethyl-5-isoxazolyl)[1,r-biphenyl]-2-sulfonamide 

To a solution of 3,4-dimethyl-5-isoxazolamine (1.32 g, 11.8 mmol) in dry pyridine (5 ml_) was added 
30 compound A (2.5 g, 9.8 mmol) in portions over 15 minutes. More pyridine was added to bring the total vol- 

ume to approximately 10 ml_. The resulting dark red-brown solution was stirred overnight at room temper- 
ature. The reaction mixture was added dropwise to ice-water (100 ml_, 1:1) and the resulting tarry precip- 
itate was filtered through Celite®, and the filtrate was acidified with 6 N hydrochloric acid to pH 2. A brown 
solid was filtered, washed with water and dried. This solid (1.4 g) was purified by flash chromatography 
35 over silica gel with ethyl acetate :hexanes (1:1) to give 1 .1 g (34%) of Example 1 as a yellow solid. 

Melting point: 171-173°C. 
Analysis for C 17 H 16 N 2 0 3 S (328.4) 
Calc'd: C, 62.18; H, 4.91; N, 8.53; S, 9.76. 
Found: C, 62.27; H, 4.92; N, 8.39; S, 10.02. 

40 

Example 2 

N-(3,4-Dimethyl-5-isoxazolyl)-2-bromobenzenesulfonamide 

To a solution of 3.0 g (11.74 mmol) of 2-bromobenzenesulfonyl chloride in 10 mL of pyridine was added 
45 1 .32 g (1 1 .74 mmol) of 3,4-dimethyl-5-isoxazolamine. The mixture was stirred at room temperature under argon 
overnight, added to 150 mL of ice water and filtered. The filtrate was acidified to pH 2 using 6 N aqueous hy- 
drochloric acid and the grey solid was filtered and dried. The solid was crystallized from methanol/water to 
afford 4.0 g (greater than 100%) of Example 2 as tan crystalline needles. 
Melting point: 125-126°C. 
so Analysis for CnHnBrNsOaS 

Calc'd: C, 39.89; H, 3.35; N, 8.46; S, 9.68; Br, 24.13. 
Found: C, 39.32; H, 3.35; N, 8.21; S, 9.52; Br, 24.08. 

Example 3 

55 

N-(3,4-Dimethyl-5-isoxazolyl)-2-phenoxybenzenesulfonamide 
A. 2-Phenoxybenzenesulfonyl chloride 

To a solution of 6.0 g (32.4 mmol) of 2-phenoxyaniline in 15 mL of concentrated hydrochloric acid and 
5 mL of glacial acetic acid at -5°C was added a solution of sodium nitrite (2.35 g, 34 mmol) in 5 mL of water 
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dropwise over 1 5 minutes. The solution was stirred at -5°C foran additional 1 hour. During the diazotization, 
sulfur dioxide was bubbled through 30 ml_ of glacial acetic acid until it was saturated (about 10 minutes). 
Cuprous chloride (1.5 g) was then added and the introduction of sulfur dioxide was continued (about 20 

5 minutes) until the yellow-green suspension became blue-green. The mixture was cooled to 10°C and the 

solution containing the diazonium salt was added in portions over 15 minutes. The green reaction mixture 
was warmed to room temperature and stirred for an additional 1 hour. Water (150 ml_) was added and the 
solution was extracted with ether (3 x 1 00 ml_). The combined ether extracts were repeatedly washed with 
5% aqueous sodium hydrogen carbonate (5 x 150 ml_) until neutral and then with water (150 ml_) and dried 

10 and evaporated to give 2.75 g of compound A as a brown syrup. 

B. N-(3,4-Dimethyl-5-isoxazolyl)-2-phenoxybenzenesulfonamide 

To a solution of 2.7 g of crude compound A (1 0 mmol) in 1 5 mL of pyridine was added 0.79 g (7 mmol) 
of 3,4-dimethyl-5-isoxazolamine, and the solution was stirred at room temperature overnight. The solution 
was diluted with 150 mL of ice water and the residual gum (2.5 g) was filtered. The filtrate was acidified 

15 to pH 2 using 6 N aqueous hydrochloric acid and the solid was filtered (0.23 g) and chromatographed on 

10 g of silica using 1 :1 hexanes/ethyl acetate to provide 0.16 g (7%) of Example 3 as a white crystalline 
solid. 

Melting point: 181-182°C. 
Analysis for C 17 H 16 N20 4 S 
20 Calc'd: C, 59.29; H, 4.68; N, 8.13; S, 9.31. 

Found: C, 59.15; H, 4.57; N, 8.08; S, 9.35. 

Example 4 

25 3'-Amino-N-(3,4-dimethyl-5-isoxazolyl)[1,1'-biphenyl]-2-sulfonamide 

A. 2-Bromo-N-(3,4-dimethyl-5-isoxazolyl)-N'-(methoxyethoxymethyl)benzenesulfonamide 

To a solution of 1.1 g (3.33 mmol) of 2-bromo-N-(3,4-dimethyl-5-isoxazolyl)benzenesulfonamide (Ex- 
ample 2) in 15 mL of tetrahydrofuran at room temperature under argon was added 0.19 g (4.8 mmol) of 
sodium hydride (60% suspension in mineral oil) in portions, and the solution was stirred at room temper- 
30 ature for 10 minutes. Methoxyethoxymethyl chloride (0.55 g, 4.4 mmol) was then added and the solution 

was stirred overnight. The mixture was concentrated and diluted with 30 mL of water and extracted with 
3 x 40 mL of ethyl acetate. The combined organic extracts were washed with 50 mL of brine, dried and 
evaporated to provide 1.2 g (87%) of compound A as a brown gum. 

B. 3'-Amino-N-(3,4-dimethyl-5-isoxazolyl)-N'-(methoxyethoxymethyl)[1 ,1'-biphenyl]-2-sulfona- 
35 mide 

To a solution of 1.12 g (2.67 mmol) of compound A and 0.15 g (0.13 mmol) of tetrakis(triphenylphos- 
phine)palladium(O) in 1 5 mL of benzene under argon, 7.6 mL of 2 M aqueous sodium carbonate was added, 
followed by 0.46 g (2.93 mmol) of 3-aminophenylboronic acid in 5 mL of 95% ethanol. The mixture was 
ref luxed overnight, diluted with 35 mLof water, and extracted with 3 x 35 mLof ethyl acetate. The combined 
40 organic extracts were washed once with 35 mL of brine, dried and evaporated. The residue was chroma- 

tographed on 120 g of silica gel using hexanes/ethyl acetate (1:2) to afford 0.75 g (65%) of compound B 
as a gum. 

C. 3'-Amino-N-(3,4-dimethyl-5-isoxazolyl)[1,1'-biphenyl]-2-sulfonamide 

To a solution of 0.72 g (1.7 mmol) of compound B in 10 mL of 95% ethanol, 10 mL of 3 N aqueous 
45 hydrochloric acid was added and the solution was refluxed for 7 hours. The mixture was concentrated, di- 

luted with 40 mLof waterand neutralized to pH 7 using aqueous sodium hydrogen carbonate. The mixture 
was extracted with 4 x 50 mL of ethyl acetate and the combined organic extracts were washed once with 
50 mLof brine, dried and evaporated. The residue was chromatographed on 25 g of silica using methylene 
chloride:methanol (97:3) and triturated with ether/hexanes to afford 86 mg of Example 4 as a tan solid. 
so Melting point: 157-160°C. 

Analysis for C 17 H 17 N3O3S-0.1 C 6 H 14 
Calc'd: C, 60.05; H, 5.27; N, 11.94; S, 9.11. 
Found: C, 59.83; H, 5.11; N, 11.55; S, 8.69. 

55 Example 5 

2-Fluoro-N-(3,4-dimethyl-5-isoxazolyl)benzenesulfonamide 

To a solution of 2.88 g (25.7 mmol) of 3,4-dimethyl-5-isoxazolamine in 1 5 mL of pyridine was added 5.0 g 
(25.7 mmol) of 2-fluorobenzenesulfonyl chloride. The mixture was stirred at room temperature overnight, pour- 
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ed into 100 ml_ of ice water and the resulting mixture was filtered. The filtrate was acidified to pH 2 using 6 N 
aqueous hydrochloric acid and the solid was filtered and dried to provide 3.2 g (46%) of Example 5 as a tan 
solid. 

5 Melting point: 122-124°C. 
Analysis for CnHnF^OaS 

Calc'd: C, 48.88; H, 4.10; N, 10.36; S, 11.86; F, 7.03. 
Found: C, 48.93; H, 3.77, N, 10.38; S, 12.10; F, 6.70. 

10 Example 6 

N-[3-[[(3,4-Dimethyl-5-isoxazolyl)arnino]sulfonyl]-4-methylphenyl]acetamide 

A. 5-Amino-2-methylbenzenesulfonic acid, sodium salt 

To a suspension of 5-amino-2-methylbenzenesulfonic acid (25 g, 134 mmol) in water (100 ml_) was 
15 added 4 N sodium hydroxide (34 ml_). The resulting clear brown solution was evaporated and the remaining 

brown solid was washed several times with ether and dried to afford 31 .3 g of compound A as a brown 
solid (greater thanl 00%). 

B. 5-Acetylamino-2-methylbenzenesulfonic acid, sodium salt 

A suspension of crude compound A (25 g, about 107 mmol) in acetic anhydride (100 ml_) was heated 
20 at 1 00°Cfor 3 hours, allowed to stand overnight at room temperature and evaporated. The residual gummy 

brown solid was suspended in ether, the suspension was filtered and the solid was washed twice with 
ether to afford 32.3 g of compound B as a tan solid (greater than 100%), which appeared to be hygroscopic. 

C. 5-Acetylamino-2-methylbenzenesulfonyl chloride 

A mixture of Compound B (18 g, about 71.6 mmol) and phosphorus pentachloride (30 g, 143 mmol) 
25 was heated at 75°C with stirring for 2.25 hours, during which time the solids liquefied to a brown gum. The 

mixture was cooled and the dark brown semi-solid was poured into ice water (400 ml_). The brown solid 
that formed was filtered, washed with water and dissolved in methylene chloride. The organic solution was 
washed with water and dried (magnesium sulfate) and evaporated to afford 14.4 g of brown foamy gum. 
This material was dissolved in methylene chloride and passed through a pad of silica using 50% ethyl acet- 
30 ate/hexanes to afford 10.2 g of brown gum. Flash chromatography on silica with 60% ethyl acetate/hex- 

anes afforded 2.01 g of compound C (11%) as a light yellow oil that crystallized on standing. 

D. N-[3-[[(3,4-Dimethyl-5-isoxazolyl)amino]-sulfonyl]-4-methylphenyl]acetamide 

A solution of Compound C (1 .02 g, 4.12 mmol), 3,4-dimethyl-5-isoxazolamine (0.55 g, 4.94 mmol) and 
dimethylaminopyridine (0.10 g, 0.82 mmol) in 4 ml_ of pyridine was heated at 70°C for 2.25 hours, cooled 

35 and poured onto iced dilute hydrochloric acid. The resulting tan solid was filtered, rinsed with water and 

dissolved in 10% isopropanol/methylene chloride. The solution was dried (magnesium sulfate) and evapo- 
rated to afford 1.09 g of a brown foamy gum which was flash-chromatographed on silica (2%, then 3%, 
then 5%, then 10% methanol/methylene chloride) to provide 0.37 g of clean Example 6 as a white foam. 
There was also obtained 0.43 g of impure Example 6. Crystallization of the clean material from aqueous 

40 ethanol afforded 0.25 g of Example 6 (19%) as light tan crystals. 

Melting point: 203-204°C. 
Analysis for C^H^NaC^S 
Calc'd: C, 52.00; H, 5.30; N, 12.99; S, 9.91. 
Found: C, 51.81; H, 5.31; N, 12.86; S, 9.94. 

45 

Example 7 

5-Amino-N-(3,4-Dimethyl-5-isoxazolyl)-2-methylbenzenesulfonamide 

A solution of crude Example 6 (0.40 g, 1.24 mmol) in4N sodium hydroxide (4 ml_, 16 mmol) and methanol 
so (1 ml_) was heated at 65°C for 4.5 hours, cooled and the methanol evaporated. The residue was extracted with 

ether and the aqueous solution was acidified to pH 2.5 with concentrated hydrochloric acid and extracted twice 

with 10% isopropanol/methylene chloride. The organic phase was dried (magnesium sulfate) and evaporated 

to afford 0.37 g of a yellow oil that crystallized on standing. Recrystallization from aqueous ethanol afforded 

0.24 g of Example 7 (69%) as light tan needles. 
55 Melting point: 204-205°C. 

Analysis for C 12 H 15 N 3 0 3 S 

Calc'd: C, 51.23; H, 5.37; N, 14.94; S, 11.40. 

Found: C, 51.52; H, 5.37; N, 14.92; S, 11.57. 
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Example 8 

N-(3,4-Dirnethyl-5-isoxazolyl)-2-(1-rnethylethyl)-benzenesulfonamide 
5 A. 2-lsopropylbenzenesulfonate, sodium salt 

To a solution of 30% hydrogen peroxide (1 0 ml_) in glacial acetic acid (10 ml_) at 50°C was added a 
solution of 2-isopropylthiophenol (1 g, 6.58 mmol) in 5 mL of glacial acetic acid over 1 hour. After the ad- 
dition was completed, the reaction was heated to 60°Cfor 1 hour. The reaction was concentrated in vacuo 
and the residue was lyophilized from water to afford 1 .3 g of a white solid. The solid (theoretically 6.5 mmol) 
10 was dissolved in 5 mLof water and 4 N aqueous sodium hydroxide (1.62 mL, 6.5 mmol) was added. The 

solution was lyophilized to afford 1.4 g (100 %) of compound A as a white solid. 
MS (M+NH 4 ) + 218; (M-H)"199. 

B. 2-lsopropylbenzenesulfonyl chloride 

To a slurry of compound A (600 mg, 2.50 mmol) in chloroform (20 mL) was added chlorosulfonic acid 
15 (0.33 mL, 5.0 mmol) dropwise to maintain the reaction temperature below 50°C. The reaction was heated 

to 60°C overnight, cooled to room temperature and poured into ice-water. The aqueous solution was ex- 
tracted with chloroform (three times). The combined organic phases were dried over sodium sulfate. The 
solvent was removed in vacuo to afford 410 mg (74.5%) of compound B. 

C. N-(3 f 4-Dimethyl-5-isoxazolyl)-2-(1-methylethyl)-benzenesulfonamide 

20 A solution of compound B (410 mg, 1.88 mmol), dimethylaminopyridine (60 mg, 0.49 mmol), and 3,4- 

dimethyl-5-isoxazolamine (230 mg, 2.06 mmol) in pyridine (8 mL) was heated in an oil bath at 70°C for 2 
hours. The reaction was poured onto iced 1 0% hydrochloric add. The mixture was extracted with ethyl acet- 
ate (three times) and the combined organic phases were extracted with 10% aqueous sodium hydrogen 
carbonate. The aqueous solution was acidified to pH 3 and extracted with ethyl acetate (three times). The 

25 combined organic phases were washed with saturated sodium chloride, dried over sodium sulfate and 

evaporated. The residue was applied to a silica gel column (20 x 1 30 mm) and eluted with ethyl acetate: hex- 
anes (1:1). The enriched product fractions were combined and evaporated. The residue was applied to 
three 20 x 20 chromatographic thick plates. The plates were eluted with 1:1 ether:hexanes. The desired 
bands were cut and extracted with ethyl acetate. The silica gel was filtered and the organic solvent was 

30 evaporated to afford 192.2 mg (35%) of Example 8 as a yellow semi-solid. 

MS: (M+H)+ 295. 

Analysis for C 14 H 18 N 2 O 3 S-0.58 H 2 0 
Calc'd: C, 55.15; H, 6.34; N, 9.19; S, 10.52. 
Found: C, 55.22; H, 6.42; N, 9.12; S, 10.72. 

35 

Example 9 

N-(3,4-Dimethyl-5-isoxazolyl)-2-nitro-benzenesulfonamide 

To a solution of 4.04 g (36 mmol) of 3,4-dimethyl-5-isoxazolamine in 15 mL of pyridine, 8.0 g (36 mmol) 
40 of 2-nitrobenzenesulfonyl chloride was added and the solution was stirred at room temperature overnight. The 
mixture was poured into 100 mL of ice water and filtered. The filtrate was acidified to pH 2 using 6 N aqueous 
hydrochloric acid and the mixture was extracted with 4 x 125 mL of ethyl acetate. The combined organic ex- 
tracts were washed with 75 mL of brine, dried and evaporated to provide 9.1 g of a dark brown residue. This 
material was chromatographed on silica gel using hexanes/ethyl acetate (2:1) to provide 0.5 g of Example 9 
45 as a I ig ht yel low sol id . 
Melting point: 91-94°C. 
Analysis for CHHHN3O5S 
Calc'd: C, 44.44; H, 3.73; N, 14.13; S, 10.78. 
Found: C, 44.75; H, 3.69; N, 14.01; S, 11.06. 

50 

Example 10 

2-Amino-N-(3,4-dimethyl-5-isoxazolyl)benzenesulfonamide 

To a suspension of 135 mg of 10% palladium on carbon in 20 mL of methanol under argon, 0.9 g (3.03 
55 mmol) of N-(3,4-dimethyl-5-isoxazolyl)-2-nitrobenzenesulfonamide (Example 9) in 20 mLof methanol was add- 
ed. The solution was hydrogenated with a balloon filled with hydrogen for 90 minutes. The mixture was filtered 
through Celite® and the filtrate was concentrated to afford 0.9 g of a gum. This material was chromatographed 
on silica initially with 9:1 methylene chloride:methanol and then with 1:1 hexanes:ethyl acetate to provide 0.2 
g (24%) of Example 1 0 as a white solid. 
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Melting point: 116-118°C. 
Analysis for C^HisNaOaS 
Calc'd: C, 49.43; H, 4.90; N, 15.72; S, 11.99. 
5 Found: C, 49.56; H, 4.80; N, 15.62; S, 11.89. 

Example 11 

N-(3,4-Dimethyl-5-isoxazolyl)-4'-methyl[1 y 1'-biphenyl]-2-sulfonamide 
10 A. 4'-Methyl-N-(3,4-dimethyl-5-isoxazolyl)-N-(methoxyethoxymethyl)[1 ,1'-biphenyl]-2-sulfona- 

mide 

To a solution of 0.78 g (1 .86 mmol) of compound A from Example 4 and 0.096 g (0.08 mmol) of tetra- 
kis(triphenyl-phosphine)palladium(0) in 15 ml_ of benzene under argon, 8.0 ml_of2M aqueous sodium car- 
bonate was added followed by 0.38 g (2.79 mmol) of 4-methyl phenyl boron ic acid in 10 mL of 95% ethanol. 
15 The mixture was refluxed overnight and diluted with 50 mL of water and extracted with 3 x 100 mL of ethyl 

acetate. The combined organic extracts were washed once with 100 mL of brine and dried and evaporated. 
The residue was chromatographed on 100 g of silica gel using hexanes/ethyl acetate (2:1) to afford 0.65 
g (81%) of compound A as a colorless gum. 

B. N-(3,4-Dimethyl-5-isoxazolyl)-4'-methyl[1,1'-biphenyl]-2-sulfonamide 

20 To a solution of 0.56 g (1.3 mmol) of compound A in 10 mL of 95% ethanol, 10 mL of 3 N aqueous 

hydrochloric acid was added and the solution was refluxed for 18 hours. The mixture was concentrated 
and diluted with 25 mLof water. The mixture was extracted with 3 x 50 mL of ethyl acetate and the combined 
organic extracts were washed once with 50 mL of brine and dried and evaporated. Crystallization of the 
residue (0.41 g) from hexanes/ethyl acetate provided 0.37 g (83%) of Example 11 in two crops. 

25 Melting point: 126-127°C. 

Analysis for C 18 H 18 N 2 0 3 S 

Calc'd: C, 63.14; H, 5.30; N, 8.18; S, 9.36. 

Found: C, 63.03; H, 5.29; N, 8.07; S, 9.34. 

30 Example 12 

2'-Amino-N-(3,4-dimethyl-5-isoxazolyl)-[1,1'-biphenyl]-2-sulfonamide 

A. 2 , -Amino-N-(3,4-dimethyl-5-isoxazolyl)-N-[(2-methoxyethoxy)methyl][1,1'-biphenyl]-2-sulfona- 
mide 

35 To a solution of compound Afrom Example 4 (0.5g, 1.19 mmol) and tetrakis(triphenylphosphine)pal- 

ladium(O) (0.062g, 0.05 mmol) in 10 mLof benzene under argon, 4.0 mLof2M aqueous sodium carbonate 
was added followed by 2-amino-phenylboronic acid (0.245 g, 1 .79 mmol) in 5 mL of 95% ethanol. The mix- 
ture was refluxed for 10 hours, diluted with 50 mL of water and extracted with ethyl acetate (3 x 50 mL). 
The combined organic extracts were washed once with 50 mL of brine, dried and evaporated. The residue 

40 was chromatographed on 75g of silica gel using hexanes/ethyl acetate (2:1) to afford 0.39 g (76%) of com- 

pound A as a colorless gum. 

B. 2'-Amino-N-(3,4-dimethyl-5-isoxazolyl)-[1,1'-biphenyl]-2-sulfonamide 

To a solution of compound A (0.35g, 0.81 mmol) in 1 0 mL of 95% ethanol, 1 0 mL of 3N aqueous hy- 
drochloric acid was added and the solution was refluxed for 6 hours. The mixture was concentrated, diluted 

45 with 10 mL of water, neutralized with saturated aqueous sodium hydrogen carbonate and acidified to pH 

4 using glacial acetic acid. The mixture was extracted with ethyl acetate (3 x 25 mL) and the combined 
organic extracts were washed once with 50 mL of brine, dried and evaporated. Chromatography of the re- 
sidue on 50g silica gel using hexanes/ethyl acetate (1 : 1) provided 0.087 g of a gum. Repeated crystalli- 
zations from ethyl acetate: met ha nokhexanes (1:1:20) afforded Example 12 as a light brown solid, m.p. 

so 182-183°C. 

Analysis for C 17 H 17 N303S 

Calc'd: C, 59.46; H, 4.99; N, 12.24; S, 9.34. 

Found: C, 59.17; H, 5.04; N, 11.87; S, 9.73. 

55 Example 13 

3'-(Dimethylamino)-N-(3,4-dimethyl-5-isoxazolyl)[1,1'-biphenyl]-2-sulfonamide 

To a solution of Example 4 (0.46g,1.34 mmol) in methanol (15 mL), 37% aqueous formaldehyde (0.44 mL, 
5.36 mmol) and glacial acetic acid (0.49g) were added with stirring. Sodium cyanoboro hydride (0.34g, 5.36 
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mmol) was added over 10 minutes and the solution was stirred overnight. The mixture was concentrated to 
about 10 ml_, diluted with water (40 ml) and extracted with ethyl acetate (3 x 35 ml_). The combined organic 
extracts were washed with brine (50 ml_), dried (magnesium sulfate) and evaporated. The gum (0.45g) thus 
5 obtained was chromatographed on 100g of silica gel using hexanes/ethyl acetate (3:1) to afford 0.21g (42%) 
of Example 13 as an off-white solid, m.p. 67-70°C. 
Analysis for C 19 H2iN3O 3 S-0.25 H 2 0 
Calc'd: C, 60.69; H, 5.76; N, 11.18; S, 8.53. 
Found: C, 60.92; H, 5.74; N, 10.95; S, 8.33. 

10 

Example 14 

N-(3,4-Dimethyl-5-isoxazolyl)-2-(trifluoromethyl)-benzenesulfonamide 

To a solution of 1 .38g (12.26 mmol) of 3,4-dimethyl-5-isoxazolamine in 1 0 ml_ of pyridine, 3.0g (1 2.26 mmol) 
15 of 2-trif luoromethylbenzenesulfonyl chloride was added and the solution was stirred at room temperature under 
argon overnight. The mixture was added to 1 00 ml_ of ice water and filtered. The filtrate was acidified to pH 2 
using 6N aqueous hydrochloric acid and the resultant gum was filtered and chromatographed on silica gel 
(200g) using 3% methanol in methylene chloride to provide a colorless gum. This material was crystallized 
from hexanes/ethyl acetate to afford 2.0 g (51%) of Example 14 as white crystalline needles, m.p 99-100°C. 
20 Analysis for C 1 2H 11 F 3 N20 3 S 

Calc'd: C, 45.00; H, 3.46; N, 8.75; S, 10.01; F, 17.80. 
Found: C, 44.67; H, 3.55; N, 8.74; S, 10.51; F, 18.19. 

Example 15 

25 

2-Chloro-N-(3 ,4-d imet hyl-5-isoxazoly l)-6-met hyl-benzenesulf onam ide 

Example 15 was prepared from 3,4-dimethyl-5-isoxazolamine and 2-chloro-6-methylbenzenesulfonyl 
chloride as described for Example 14. Crystallization from met hanol/water afforded Example 15 as white crys- 
talline prisms, m.p 181-182°C. 
30 Analysis for C 12 H 13 CIN203S 

Calc'd: C, 47.92; H, 4.36; N, 9.31; S, 10.66; CI, 10.66. 
Found: C, 47.61; H, 4.25; N, 9.07; S, 10.67; CI, 10.67. 

Example 16 

35 

4'-(Dimethylamino)-N-(3,4-dimethyl-5-isoxazolyl)[1,1'-biphenyl]-2-sulfonamide 

A. 4'-(Dimethylamino)-N-(3,4-dimethyl-5-isoxazolyl)-N-[(2-methoxyethoxy)methyl][1 ,1'-biphenyl]- 
2-sulfonamide 

Compound A was prepared from 4-dimethylamino-phenyl boron ic acid and compound Afrom Example 
40 4 as described for compound Afrom Example 12. Chromatography on silica gel using 3:1 hexanes/ethyl 

acetate afforded compound A as a colorless gum. 

B. 4 , -(Dimethylamino)-N-(3,4-dimethyl-5-isoxazolyl)[1,1 , -biphenyl]-2-sulfonamide 

Example 16 was prepared from compound A as described for Example 12, with refluxing for 8 hours. 
Before ethyl acetate extraction, the aqueous phase was taken to pH 6 using glacial acetic acid. Chroma- 
45 tography on silica gel using 2:1 hexanes/methylene chloride and crystallization from hexanes/ethyl acetate 

provided Example 16 as colorless prisms, m.p. 135-136°C. 
Analysis for C 19 H2iN30 3 S 
Calc'd: C, 61.44; H, 5.70; N, 11.31; S, 8.63. 
Found: C, 61.26; H, 5.55; N, 11.15; S, 8.99. 

50 

Example 17 

N-P'-t^^-Dimethyl-S-isoxazoly^aminoJsulfonylJtl^l'-biphenylJ-d-ylJacetamide 

To a solution of Example 4 (0.3g, 0.87 mmol) in pyridine (5 ml_), acetic anhydride (0.1 3g) was added and 
55 the mixture was stirred at room temperature overnight. The mixture was concentrated and diluted with water 
(30 ml_) and extracted with ethyl acetate (3 x 25 ml_). The combined organic extracts were washed with brine 
(30 ml_), dried (magnesium sulfate) and evaporated. The white solid (0.31 g) thus obtained was chromatograph- 
ed on 75g of silica gel using hexanes/ethyl acetate (2:1) to afford 0.1 8g (54%) of Example 17 as a white solid, 
m.p. 168-171°C. 
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Analysis for C 19 H 19 N304S 

Calc'd: C, 59.21; H, 4.97; N, 10.90; S, 8.32. 

Found: C, 59.33; H, 4.86; N, 10.57; S, 8.47. 

5 

Example 1 8 

N-(3,4-Dimethyl-5-isoxazolyl)-4'-propyl[1,1'-biphenyl]-2- sulfonamide 

A. 4-Propylphenylboronic Acid 

10 To a solution of tri methyl borate (2.6 g, 25 mmol) in 10 mL of ether at -78°C under argon, 4-propylphenyl 

magnesium bromide (1.7 M solution in ether, 14.7 mL, 25 mmol) was added over 15 min. After 30 min at 
-78°C, the solution was warmed to room temperature and stirred for 90 min. The reaction was quenched 
by the addition of 10% aqueous hydrochloric acid (75 mL) and after 10 min the solution was extracted with 
ether (3 x 100 mL). The combined ether extracts were extracted with 1 M sodium hydroxide (2 x 100 mL) 

15 and the aqueous extracts were acidified with dilute hydrochloric acid to pH 2 and. extracted with ether (2 

x 100 mL). The combined ether extracts were washed once with water (100 mL), dried and evaporated to 
afford 1.85g (45%) of compound A as a tan solid, m.p. 95-96°C. 

B. N-(3,4.Dimethyl-5-isoxazolyl)-N-[(2-methoxyeth 
mide 

20 Compound B was prepared from compound Aand compound Afrom Example 4 as described for com- 

pound A from Example 12. Chromatography on silica gel using hexanes/ethyl acetate (3:1) afforded com- 
pound B as a colorless gum. 

C. N-(3,4-Dimet hyl-5-isoxazolyl)-4'-propyl[1 ,1 '-biphenyl]-2-sulfonamide 

To a solution of 0.70g (1.53 mmol) of compound B in 15 mL of 95% ethanol, 15 mL of 3N aqueous 
25 hydrochloric acid was added. The solution was refluxed for 11 hours, concentrated and diluted with 25 mL 

of water. The mixture was extracted with ethyl acetate (3 x 50 mL) and the combined organic extracts were 
washed once with 50 mL of brine, dried and evaporated. Chromatography on 100g of silica gel using 4:1 
followed by 3:1 hexanes/ethyl acetate (1L) provided 0.38g (67%) of Example 18 as a colorless gum. 
Analysis for C20H22N2O3S 
30 Calc'd: C, 64.84; H, 5.99; N, 7.56; S, 8.65. 

Found: C, 64.52; H, 5.98; N, 7.26; S, 8.30. 

Example 19 

35 2-(Dimethylamino)-N-(3,4-dimethyl-5-isoxazolyl)benzenesulfonamide 

Example 19 was prepared from Example 10 as described for Example 13. Chromatography on silica gel 
using hexanes/ethyl acetate (4:1) afforded Example 19 as a colorless gum. 
Analysis for C 13 H 17 N303S 
Calc'd: C, 52.87; H, 5.80; N, 14.23; S, 10.85. 
40 Found: C, 52.99; H, 5.87; N, 14.06; S, 11.28. 

Example 20 

2'-(Dimethylamino)-N-(3 f 4-dimethyl-5-isoxazolyl)-[1,1'-biphenyl]-2-sulfonamide 
45 A. 2'-(Dimethylamino)-N-(3,4-dimethyl-5-isoxazolyl)-N-[(2-methoxyethoxy-methyl)[1,1'-biphenyl]- 

2-sulfonamide 

To a solution of compound Afrom Example 12 (0.45g, 1.04 mmol) in 15 mL of methanol under argon, 
glacial acetic acid (1 mL) and 37% aqueous formaldehyde (0.25 mL, 3.1 3 mmol) were added. The solution 
was stirred for 15 minutes, sodium cyanoborohydride (0.20g, 3.13 mmol) in 5 mL of methanol was added 
so dropwise over 15 minutes and the solution was stirred for 24 hours. The mixture was evaporated, water 

(25 mL) was added and the mixture was extracted with ethyl acetate (2 x 50 mL). The combined organic 
extracts were dried and evaporated to provide 0.39 g (81%) of compound A as a light brown gum which 
solidified on standing. 

B. 2'-(Dimet hylamino)-N-(3,4-dimet hyl-5-isoxazolyl)-[1 ,1 '-biphenyl]-2-sulfonamide 

55 Example 20 was prepared from compound A as described for Example 12. Following chromatography 

on silica gel using 3:1 hexanes:ethyl acetate, crystallization from methylene chloride/hexanes (—1:5) af- 
forded Example 20 as colorless prisms, m.p. 148-1 50°C. 
Analysis for C 19 H2iN30 3 S 
Calc'd: C, 61.44; H, 5.70; N, 11.31; S, 8.63. 
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Found: C, 61.32; H, 5.69; N, 11.30; S, 8.72. 
Example 21 

5 

N-(3,4-Dimethyl-5-isoxazolyl)-4 , -(2-methylpropyl)-[1,1 , -biphenyl]-2-sulfonamide 

A. 4-lsobutyl-phenylboronic acid 

To a suspension of 0.68g (28.15 mmol) of magnesium turnings in 50 ml_ of tetrahydrofuran under ar- 
gon, a crystal of iodine was added and a solution of 4-bromo-isobutyl benzene (6.0g, 28.15 mmol) in 25 

10 ml_ of tetrahydrofuran was added at such a rate that a gentle reflux was maintained. The mixture was re- 

fluxed for an additional 1 hour, cooled to room temperature and added in portions over 15 min to a solution 
of trimethyl borate (2.93g, 28.1 5 mmol) in 50 ml_ of ether at -78°C under argon. After 30 min at -78°C, the 
solution was warmed to room temperature, stirred for 90 minutes and 1 0% aqueous hydrochloric acid (1 00 
ml_) was added. After 10 minutes, the solution was extracted with ether (3 x 100 ml_) and the combined 

15 ether extracts were extracted with 1 M sodium hydroxide (3 x 1 00 ml_). The aqueous extracts were acidified 

with dilute hydrochloric acid to pH 2 and extracted with ether (3 x 100 ml_). The combined ether extracts 
were washed once with water (100 ml_), dried and evaporated to afford 3.5 g of a white solid. Crystallization 
from ether/hexanes provided 2.3g (46%) of compound A as a white solid in two crops, m.p. 134-135°C. 

B. N-(3,4-Dimethyl-5-isoxazolyl)-N-[(2-methoxy 
20 nyl]-2-sulfonamide 

Compound B was prepared from compound A and compound A from Example 4 as described for com- 
pound A from Example 12. Chromatography on silica gel using hexanes/ethyl acetate (3:1) afforded com- 
pound B as a colorless gum. 

C. N-(3,4-Dimethyl-5-isoxazolyl)-4'-(2-methylpropyl)-1,1'-biphenyl]-2-sulfonamide 

25 Example 21 was prepared from compound B as described for Example 18. Chromatography on silica 

gel using 3:1 hexanes/ethyl acetate followed by crystallization from methylene chloride/hexanes provided 

Example 21 as colorless prisms, m.p. 126°C. 

Analysis for C21H24N2O3S 

Calc'd: C, 65.60; H, 6.29; N, 7.29; S, 8.34. 
30 Found: C, 65.59; H, 6.16; N, 7.28; S, 8.50. 

Example 22 

4'-Butyl-N-(3,4-dimethyl-5-isoxazolyl)[1,r-biphenyl]-2-sulfonamide 
35 A. 4-Butyl-phenylboronic acid 

To a solution of 1-bromo-4-butyl benzene (6.24 g, 29.3 mmol) in tetrahydrofuran (32 ml_) and ether (96 
ml_) at -78°C, n-butyllithium (1 .6 M in hexane, 21 .9 ml_, 35.1 mmol) was added dropwise. The mixture was 
stirred at -78°C for 30 minutes and was added over 20 minutes to a solution of trimethyl borate (6.1 g, 58.6 
mmol) in ether (64 mL) at -78°C. The mixture was stirred at -78°C for 30 minutes and at room temperature 

40 overnight. 10% aqueous hydrochloric acid (150 mL) was added, the mixture was shaken for 10 minutes, 

the ether layer was separated and the aqueous layer was extracted with ether (100 mL). The combined 
organic phases were extracted with 1 N sodium hydroxide (3 x 100 mL ) and the combined aqueous ex- 
tracts were washed once with ether, acidified to pH 1 with 6N hydrochloric acid and extracted with ether 
(3 x 100 mL). The combined organic phases were washed with water, dried (magnesium sulfate) and con- 

45 centrated to give compound A (2.0 g, 38%). 

B. 4'-Butyl-N-(3,4-dimethyl-5-isoxazolyl)-N-[(2-methoxyethoxy)methyl][1,1'-biphenyl]-2-sulfona- 
mide 

Compound B was prepared from compound Aand compound Afrom Example 4 as described for com- 
pound Afrom Example 12. Chromatography on silica gel using 40:1 methylene chloride/ethyl acetate af- 
50 forded compound B as a colorless gum. 

C. 4'-Butyl-N-(3,4-dimethyl-5-isoxazolyl)[1,1'-biphenyl]-2-sulfonamide 

Compound C was prepared from compound B as described for Example 1 8, with ref luxing for 8 hours. 
Chromatography on silica gel using 3:1 hexanes/ethyl acetate followed by crystallization from methylene 
chloride/hexanes provided Example 22 as colorless crystals, m.p. 92-93°C. 
55 Analysis for C 2 i H24N2O3S 

Calc'd: C, 65.60; H, 6.29; N, 7.29; S, 8.34. 
Found: C, 65.35; H, 6.23; N, 7.29; S, 8.68. 
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Example 23 

N-(3,4-Dimethyl-5-isoxazolyl)-2-(1-naphthalenyl)-benzenesulfonamide 
5 A. N-(3,4-Dimethyl-5-isoxazolyl)-N-[(2-methoxyethoxy)methyl]-2-(1-naphthalenyl)-benzenesulfo- 

namide 

Compound Awas prepared from 1-naphthaleneboronic acid and compound Afrom Example 4 as de- 
scribed for compound Afrom Example 12, with refluxing for 3.5 hours. Chromatography on silica gel using 
hexanes/ethyl acetate (3:1) afforded compound A as a colorless gum. 

10 B. N-(3,4-Dimethyl-5-isoxazolyl)-2-(1-naphthalenyl)-benzenesulfonamide 

Compound B was prepared from compound Aas described for Example 1 8, using 6N hydrochloric acid 
and refluxing for 3 hours. Chromatography on silica gel using 3:1 hexanes/ethyl acetate followed by crys- 
tallization from methylene chloride/hexanes provided Example 23 as colorless prisms, m.p. 182-183°C. 
Analysis for C 2 iH 18 N20 3 S 

15 Calc'd: C, 66.65; H, 4.79; N, 7.40; S, 8.47. 

Found: C, 66.53; H, 4.79; N, 7.53; S, 8.41. 

Example 24 

20 N-(3,4-Dimethyl-5-isoxazolyl)-3'-(2-methylpropyl)-[1,r-biphenyl]-2-sulfonamide 

A. 3-Bromo-isobutyl benzene 

To a solution of 1 -iodo-3-bromobenzene (6.0g, 21 .2 mmol) in 1 00 ml_ of benzene at room temperature 
under argon, 1.2g (1.06 mmol) of tetrakis(triphenylphosphine)palladium(0) was added and to this mixture 
a 2M solution in tetrahydrofuran of isobutyl magnesium bromide (10.6 ml_) was added dropwise over 15 
25 minutes. The mixture was stirred 2 hours, diluted with 1 00 ml_ of water, the organic layer was separated 

and the aqueous layer was extracted with 2 x 100 mL of ether. The combined organic extracts were dried 
and evaporated to provide 4.3g of a colorless liquid, which upon distillation in vacuo provided 1.95g (43%) 
of compound Aas a colorless liquid; b.p. 124-125°C (15-20 mm). 

B. 3-lsobutyl-phenylboronic acid 

30 Compound B was prepared from compound A as described for compound A of Example 21 . Crystal- 

lization from ether/hexanes provided compound B as a white solid, m.p. 84-86°C. 

C. N-(3,4-Dimethyl-5-isoxazolyl)-N-[(2-met^ 
2-sulfonamide 

Compound C was prepared from Compound B and compound Afrom Example 4 as described for com- 
35 pound Afrom Example 12, with refluxing for 6 hours. Chromatography on silica gel using hexanes/ethyl 

acetate (3:1) afforded compound C as a colorless gum. 

D. N-(3,4-Dimethyl-5-isoxazolyl)-3'-(2-methylpropyl)-[1,1 , -biphenyl]-2-sulfonamide 

Compound D was prepared from compound C as described for Example 1 8, with refluxing for 1 0 hours. 
Chromatography on silica gel using 3:1 hexanes/ethyl acetate followed by reverse phase preparative high 
40 performance liquid chromatography (30x500 mm ODS S10 column using 85% solvent A (90% MeOH, 10% 

H 2 0, 0.1 % TFA) and 15% solvent B (10% MeOH, 90% H 2 0, 0.1% TFA)) provided Example 24 as a colorless 
gum. 

1 H NMR (CDCI 3 ): d 1.04 (d, J = 6.4 Hz, 6H), 1.94 (s, 3H), 2.02 (m, 1H), 2.26 (s, 3H), 2.64 (d, J = 7.0 Hz, 
2H), 6.66 (brs, 1H), 7.32-8.16 (m, 8H). 
45 Analysis for C21H24N2O3S-O.42 H 2 0 

Calc'd: C, 64.33; H, 6.39; N, 7.14; S, 8.18. 
Found: C, 64.31; H, 6.16; N, 7.16; S, 7.99. 

Example 25 

50 

N-(3,4-Dimethyl-5-isoxazolyl)-4 , -(2-methylpropoxy)-[1,r-biphenyl]-2-sulfonamide 

A. 4-(2-methylpropoxy)-phenylboronic acid 

Compound Awas prepared from 4-(2-methylpropoxy)-bromobenzene and trimethy I borate as descri- 
bed for compound A of Example 21. Crystallization from ether/hexanes provided compound Aas a white 
55 solid. 

B. N-(3,4-Dimethyl-5-isoxazolyl)-N-[(2-methoxyethoxy)methyl]-4'-(2-methylpropoxy)[1,1'-biphe- 
nyl]-2-sulfon amide 

Compound B was prepared from compound Aand compound Afrom Example 4 as described for com- 
pound Afrom Example 12, with refluxing for 4 hours. Chromatography on silica gel using 40:1 methylene 
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chloride/ethyl acetate afforded compound C as a colorless gum. 

C. N-(3,4-Dimethyl-5-isoxazolyl)-4'-(2-methylpropoxy)-[1 l 1'-biphenyl]-2-sulfonamide 

Compound C was prepared from compound B as described for Example 1 8, with ref luxing for 8 hours. 
5 Chromatography on silica gel using 15:1 methylene chloride/ethyl acetate provided Example 25 as a col- 

orless solid, m.p. 50-53°C. 
Analysis for C21H24N2O4S-O.7 H 2 0 
Calc'd: C, 61.06; H, 6.20; N, 6.78; S, 7.76. 
Found: C, 61.28; H, 5.96; N, 6.66; S, 8.11. 

10 

Example 26 

N-(3,4-Dimethyl-5-isoxazolyl)-4'-(1-methylethoxy)-[1,1'-biphenyl]-2-sulfonamide 

A. 4-(1-methylethoxy)-phenylboronic acid 

15 Compound A was prepared from 4-( 1 -met hylethoxy)-bromobenzene and trimethy I borate as described 

for compound A of Example 21 . Crystallization from ether/hexanes provided compound A as a white solid. 

B. N-(3,4-Dimethyl-5-isoxazolyl)-N-[(2-methoxyethoxy)methyl]-4 , -(1-methylethoxy)[1,1'-biphe- 
nyl]-2-sulfonamide. 

Compound B was prepared from compound Aand compound Afrom Example 4 as described for com- 
20 pound Afrom Example 12, with ref luxing for 5 hours. Chromatography on silica gel using 4:1 hexanes/ethyl 

acetate afforded compound B as a colorless gum. 

C. N-(3,4-Dimethyl-5-isoxazolyl)-4 , -(1-methylethoxy)-[1,1 , -biphenyl]-2-sulfonamide. 

Compound C was prepared from compound B as described for Example 1 8, with ref luxing for 2 hours. 
Chromatography on silica gel using 4:1 hexanes/ethyl acetate provided Example 26 as a colorless solid, 
25 m.p. 49-52°C. 

Analysis for C20H22N2O4S 

Calc'd: C, 62.16; H, 5.74; N, 7.25; S, 8.30. 

Found: C, 61.98; H, 5.71; N, 7.12; S, 8.17. 

30 Example 27 

N-(3,4-Dimethyl-5-isoxazolyl)-4'-(phenylmethyloxy)-[1,1'-biphenyl]-2-sulfonamide 
A. 4-Phenylmethyloxy-phenylboronic acid 

To a solution of 4-phenylmethyloxy-bromobenzene (6.0g, 23 mmol) in tetrahydrofuran (25 ml_) and 
35 ether (75 ml_) at -78°C under argon, butyllithium (1.6M solution in hexane, 14.25 ml_) was added over 15 

minutes. The mixture was stirred 15 minutes and transferred via cannula over 15 minutes to a solution of 
trimethyl borate (4.73g, 45.6 mmol) in 50 ml_ of ether at -78°C under argon. After 30 minutes at -78°C, the 
solution was warmed to room temperature and stirred for a furthur 60 minutes. 10% aqueous hydrochloric 
acid was added (1 50 mL) and after 1 0 min the solution was extracted with ether (3 x 1 00 ml_). The combined 
40 ether extracts were extracted with 1 M sodium hydroxide (3 x 1 00 mL) and the combined aqueous extracts 

were acidified with dilute hydrochloric acid to pH 2 and extracted with ether (3 x 100 mL). The combined 
ether extracts were washed once with water (100 mL), dried and evaporated to afford a white solid which 
was crystallized from ether/hexanes to provide 1.48g (29%) of pure compound A as a white solid in two 
crops, m.p. 187-189°C. 

45 B. N-(3,4-Dimethyl-5-isoxazolyl)-N-[(2-methoxyethoxy)methyl]-4'-(phenylmethyloxy)[1,r-biphe- 

nyl]-2-sulfonamide 

Compound B was prepared from compound Aand compound Afrom Example 4 as described for com- 
pound Afrom Example 12. Chromatography on silica gel using 3:1 hexanes/ethyl acetate afforded com- 
pound B as a colorless gum. 
50 C. N-(3,4-Dimethyl-5-isoxazolyl)-4'-(phenylmethyloxy)-[1,1'-biphenyl]-2-sulfonamide 

Compound C was prepared from compound B as described for Example 1 8, with ref luxing for 1 8 hours. 
Chromatography on silica gel using 3:1 hexanes/ethyl acetate followed by reverse phase preparative HPLC 
(30 x 500 mm ODS S10 column using 85% solvent A (90% MeOH, 10% H 2 0, 0.1% TFA) and 15% solvent 
B (10% MeOH, 90% H 2 0, 0.1% TFA)) provided Example 27 as a colorless gum. 
55 1H NMR(CDCI 3 ): d 1.93(s, 3H), 2.20 (s, 3H), 5.20 (s, 2H), 6.32 (brs, 1H), 7.14-8.11 (m, 13H). 

Analysis for C24H22N2O4S 
Calc'd: C, 66.34; H, 5.10; N, 6.45; S, 7.38. 
Found: C, 66.14; H, 5.00; N, 6.29; S, 7.09. 
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Example 28 

4'-(1,1-Dimethylethyl)-N-(3,4-dimethyl-5-isoxazolyl)-[1 ,1'-biphenyl]-2-sulfonamide 
5 A. 4-t-Butyl-phenylboronic acid 

Compound A was prepared from 4-t-butyl-bromobenzene and trimethy I borate as described for com- 
pound A of Example 21. Crystallization from ether/hexanes provided compound A as white crystals, m.p. 
201-203°C. 

B. 4'-(1 J-Dimethylethyl)-N-(3,4-dimethyl-5-isoxazolyl)-N-[(2-methoxyethoxy)methyl][1 ,1'-bi- 
10 phenyl]-2-sulfonamide 

Compound B was prepared from compound Aand compound Afrom Example 4 as described for com- 
pound Afrom Example 12, with refluxing for 4 hours. Chromatography on silica gel using 6:1 hexanes/ethyl 
acetate afforded compound B as a colorless gum. 

C. 4'-(1 ,1-Dimethylethyl)-N-(3,4-dimethyl-5-isoxazolyl)-[1 ,1'-biphenyl]-2-sulfonamide 

15 Compound C was prepared from compound B as described for Example 1 8, with refluxing for 5 hours. 

Chromatography on silica gel using 4.5:1 hexanes/ethyl acetate followed by crystallization from ethyl acet- 

ate/hexanes provided Example 28 as colorless crystals, m.p. 169-170°C. 

Analysis for C21H24N2O3S 

Calc'd: C, 65.60; H, 6.29; N, 7.29; S, 8.34. 
20 Found: C, 65.44; H, 6.24; N, 7.26; S, 8.21. 

Example 29 

N-(3 y 4-Dimethyl-5-isoxazolyl)-4'-methoxy-[1,1'-biphenyl]-2-sulfonamide 
25 A. N-(3,4-Dimethyl-5-isoxazolyl)-4'-methoxy-N-[2-methoxyethoxy)methyl][1,1'-biphenyl]-2-sul- 

fonamide 

Compound A was prepared from 4-methoxybenzeneboronic acid and compound Afrom Example 4 
as described for compound Afrom Example 12, using toluene rather than benzene and with heating at 
95°C for 5 hours. Chromatography on silica gel using 3.5:1 hexanes/ethyl acetate afforded compound A 

30 as a colorless gum. 

B. N-(3,4-Dimethyl-5-isoxazolyl)-4'-methoxy-[1,1'-biphenyl]-2-sulfonamide 

Compound B was prepared from compound A as described for Example 18, with refluxing for 4 hours. 
Cooling of the reaction mixture afforded Example 29 as colorless crystals, m.p.179-181°C. 
Analysis for C 18 H 18 N 2 0 4 S 

35 Calc'd: C, 60.32; H, 5.06; N, 7.82; S, 8.95. 

Found: C, 60.14; H, 5.08; N, 7.86; S, 9.24. 

Example 30 

40 N-(3,4-Dimethyl-5-isoxazolyl)-4'-[(1-methylethyl)-amino][1,1'-biphenyl]-2-sulfonamide 

A. 4'-Amino-N-(3,4-dimethyl-5-isoxazolyl)-N-[(2-methoxyethoxy)methyl][1,1'-biphenyl]-2-sulfona- 
mide 

Compound A was prepared from 4-amino-phenylboronic acid and compound Afrom Example 4 as de- 
scribed for compound Afrom Example 12, using toluene rather than benzene and with heating at 85°C for 
45 4 hours. Chromatography on silica gel using 1:1 hexanes/ethyl acetate afforded compound Aas a colorless 

gum. 

B. N-(3,4-Dimethyl-5-isoxazolyl)-N'-(methoxyethoxymethyl)-4'-[(1-methylethyl)-amino][1,1'-bi- 
phenyl]-2-sulfonamide 

To compound A(720 mg, 1.67 mmol)and acetone (0.16 mL, 2.17mmol) in 1,2-dichloroethane (12 mL) 
50 at 0°C, acetic acid (0.14 mL) was added over 5 minutes followed by sodium triacetoxyborohydride (460 

mg, 2.17 mmol) in portions. The mixture was stirred at room temperature overnight, additional acetone 
(0.04 ml, 0.54 mmol), acetic acid (0.04 mL) and sodium triacetoxyborohydride (115 mg, 0.54 mmol) were 
added and the mixture was stirred 40 minutes. The mixture was poured into water (50 mL), ethyl acetate 
(150 mL) was added and the organic layer was separated, washed with brine, dried and concentrated. The 
55 residue was chromatographed on silica gel with 3:1 hexanes/ethyl acetate to afford compund B (590 mg, 

75%) as a colorless gum. 

C. N-(3,4-Dimethyl-5-isoxazolyl)-4'-[(1-methylethyl)-amino][1,1'-biphenyl]-2-sulfonamide 

To a solution of compound B (315 mg, 0.67 mmol) in 95% ethanol (8 mL), 6N aqueous hydrochloric 
acid (8 mL) was added. The mixture was ref luxed for 3 hours and concentrated. Saturated sodium hydrogen 
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carbonate was added until the pH was above 8. The mixture was acidified to ~pH 5 with acetic acid and 
extracted with ethyl acetate (3 x 30 ml_). The combined organic extracts were washed with brine, dried 
and concentrated. The residue was chromatographed on silica gel using 2:1 hexanes/ethyl acetate to af- 
5 ford Example 30 as a colorless solid (225 mg, 88 %), m.p. 62-64°C. 

Analysis for C20H23N3O3S 
Calc'd: C, 62.32; H, 6.01; N, 10.90; S, 8.32. 
Found: C, 62.32; H, 6.16; N, 10.44; S, 7.86. 

10 Example 31 

2-[[[[2 , -[[(3,4-Dimethyl-5-lsoxazolyl)amino]suIfonyl]-[1 ,1'-biphenyl)]-4-yl](1-methylethyl)amino]carbonyl]- 
amino]-4-methylpentanoic acid, ethyl ester 

A. 2-[[[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]carbonyl]-[1 y 1'-biphenyl]-4-yl](1-methylet 
15 carbonyl]-amino]-4-methylpentanoic acid, ethyl ester 

To a solution of Example 30 (145 mg, 0.38 mmol) in methylene chloride (4.4 ml_), ethyl 2-isocyanato- 
4-methyl valerate (163 mg, 0.88 mmol) was added. The mixture was stirred for two days, diluted with ethyl 
acetate (25 ml_) and washed with water (20 ml_) and brine. The organic phase was dried and concentrated 
and the residue was chromatographed on silica gel using 3:2 hexanes/ethyl acetate to afford Example 31 
20 as a colorless solid (190 mg, 85%), m.p. 58-61 °C. 

Analysis for C 2 9H 38 N 4 0 6 S 
Calc'd: C, 61.03; H, 6.71; N, 9.82; S, 5.62. 
Found: C, 60.59; H, 6.97; N, 9.46; S, 5.29. 

25 Example 32 

2'-Amino-N-(3 l 4-dimethyl-5-isoxazolyl)-4'-(2-methyl-propyl)[1,1'-biphenyl]-2-sulfonamide 
A. 4-lsobutyl-2-nitro-phenylboronic acid 

To a suspension of 4-isobutyl-phenyl boron ic acid (0.9 g, 5.05 mmol) in acetic anhydride (9 ml_) at -10°C, 
30 fuming nitric acid (0.4 ml_) was added over 1 0 minutes. The mixture was stirred for 1 hour, warmed to room 

temperature and stirred for an additional 1 .5 hours. The clear orange solution was added to 1 00 ml_ of ice, 
stirred for 3 hours and azeotroped with water (4 x 100 ml_). The residue was partitioned between 25 ml_ 
each of ether and water and the ether layer was dried and evaporated to provide 0.75 g of yellow solid. 
The solid was dissolved in ethyl acetate (25 ml_) and the solution was extracted with 1 N aqueous sodium 
35 hydroxide (2 x 25 ml_). The combined aqueous extracts were acidified to pH 2 using 2N aqueous hydro- 

chloric acid and extracted with ethyl acetate (2 x 25 ml_). The combined organic extracts were washed once 
with water, dried and evaporated to provide 0.63g of light yellow solid. Reverse phase preparative HPLC 
on a 30 x 500 mm ODS S10 column using 76% solvent A (90% MeOH, 10% H 2 0, 0.1% TFA) and 24% 
solvent B (10% MeOH, 90% H 2 0, 0.1% TFA) provided 0.16 g of compound A as light yellow solid. 
40 B. 4-lsobutyl-2-amino-phenylboronic Acid 

To a suspension of 0.1gof 10% Pd/Cin 10 ml_ of methanol under argon, 0.32g (1.4 mmol) of com pound 
A in 10 mL of methanol was added and the mixture was hydrogenated at 60 psi for 6 hours. The mixture 
was filtered and the filtrate concentrated to provide 0.3g of compound B as a brown residue. 

C. 2'-Amino-N-(3,4-dimethyl-5-isoxazolyl)-N-[(2-methoxyethoxy)methyl]-4'-(2-methylpropyl)[1,1'- 
45 biphenyl]-2-sulfonamide 

Compound C was prepared from compound B and compound Afrom Example 4 as described for com- 
pound Afrom Example 12, with refluxing for 6 hours. Chromatography on silica gel using 3:1 hexanes/ethyl 
acetate afforded compound C as a colorless gum. 

D. 2'-Amino-N-(3,4-dimethyl-5-isoxazolyl)-4'-(2-methyl-propyl)[1 ,1'-biphenyl]-2-sulfonamide 

so Compound D was prepared from compound C as described for Example 1 2, with refluxing for 3 hours. 

Preparative reverse phase high performance liquid chromatography (30 x 500 mm ODS S1 0 column using 
60% solvent A(90% MeOH, 10% H 2 0, 0.1% TFA) and 40% solvent B (10% MeOH, 90% H 2 0, 0.1% TFA)) 
followed by chromatography on silica gel using 2% methanol in methylene chloride afforded 0.05 g of Ex- 
ample 32, as a light brown foam. m.p. 60-70°C (amorphous). 

55 Analysis for C 21 H 2 5N 3 O 3 S-0.44 H 2 0 

Calc'd: C, 61.90; H, 6.40; N, 10.31; S, 7.87. 
Found: C, 61.98; H, 6.23; N, 10.23; S, 7.73. 
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Example 33 

N-[2'-[[(3ADimethyl-5-isox 
5 zenepropanamide 

A. N-(3,4-Dimethyl-5-isoxazolyl)-N'-(methoxyethoxymethyl)-4'-[(1-methylethyl)-(3,3-diphenyl-1- 
oxopropyl)-amino]-[1 ,1 '-biphenyl]-2-sulfonamide 

To compound B from Example 30 (60 mg, 0.13 mmol) in methylene chloride (1.3 ml_), 3,3-diphenyl- 
propionyl chloride (93 mg, 0.38 mmol) and triethylamine (0.07 ml_) were added. The mixture was stirred 
10 2.5 hours, diluted with ethyl acetate (20 ml_) and washed with saturated ammonium chloride (2x15 ml_) 

and brine, dried and concentrated. The residue was chromatographed on silica gel using 1:1 hexanes/ethyl 
acetate to afford compound A as a colorless gum (45 mg, 52%). 

B. N-[2'-[[(3,4-Dimethyl-5-lsoxazolyl)am^ 
benzenepropanamide 

15 Example 33 was prepared from compound A as described for Example 18, with refluxing for 3 hours. 

Chromatography on silica gel using 3:1 methylene chloride/ethyl acetate provided Example 33 as a light 

yellow solid , m.p. 177°C. 

Analysis for C35H35N3O4S-O.4 H 2 0 

Calc'd: C, 69.96; H, 6.00; N, 6.99; S, 5.34. 
20 Found: C, 70.1 3; H, 6.1 0; N, 6.82; S, 5.21 . 

Example 34 

2'-Nitro-N-(3,4-dimethyl-5-isoxazolyl)-[1,1'-biphenyl]-2-sulfonamide 
25 A. 2'-Nitro-N-(3,4-dimethyl-5-isoxazolyl)-N-(methoxyethoxymethyl)]1,r-biphenyl]-2-sulfonamide 

Compound A was prepared from 2-nitrophenylboronic acid and compound A from Example 4 as de- 
scribed for com pound A from Example 12, using toluene in place of benzene and refluxing for 6 hours. Flash 
chromatography on silica gel using hexanes/ethyl acetate (2:1) provided compound Aas a light yellow gum. 
B. 2'-Nitro-N-(3,4-dimethyl-5-isoxazolyl)-[1,r-biphenyl]-2-sulfonamide 

30 Example 34 was prepared from compound A as described for Example 12, with refluxing for 4 hours. 

Flash chromatography on silica gel using hexanes/ethyl acetate (2:1) followed by crystallization from hex- 
anes/ethyl acetate afforded Example 34 as light brown needles, m.p. 128-130°C. 
Analysis calculated for C 17 H 15 N305S 
Calc'd: C, 54.69; H, 4.05; N, 11.25; S, 8.59. 

35 Found: C, 54.67; H, 3.88; N, 11.17; S, 8.59. 

Example 35 

5-[[(2-phenyl)phenyl]sulfonyl]amino]-3-methyl-4-isoxazolecarboxylic acid, ethyl ester 
40 A. [1,1'-biphenyl]-2-sulfonamide 

To a degassed solution of 2-bromobenzenesulfonamide (0.7 g, 3.0 mmol) and tetrakis(triphenylphos- 
phine) palladium (0) (0.21 g, 0.18 mmol) in benzene (25 ml_) was added 2M aqueous sodium carbonate 
(15 ml_) followed by a solution of phenylboronic acid (0.44 g, 3.6 mmol) in 95% ethanol (25 ml_). The yellow 
two phase solution was ref luxed for 1 8 hours, cooled to room temperature and diluted with water (1 00 ml_). 

45 The solution was extracted with ethyl acetate (2 x 1 00 ml_) and the combined organic phases were washed 

with brine, dried (magnesium sulfate), filtered and evaporated. The residue was chromatographed on silica 
gel with hexanes/ethyl acetate (2:1) to yield 250 mg (36%) of compound A as a yellow solid. 
B. 5-[[(2-phenyl)phenyl]sulfonyl]amino]-3-methyl-4-isoxazolecarboxylic acid, ethyl ester 

A solution of compound A (187 mg, 0.82 mmol), 3-methyl-4-ethoxycarbonyl-5-bromoisoxazole (197 

so mg, 0.42 mmol) and cesium carbonate (274 mg, 0.42 mmol)-in dry dimethylformamide (4 ml_) was heated 

at 55°C for 1 8 hours. The solution was cooled to room temperature, diluted with water (40 ml_) and acidified 
to pH 4 with 6N aqueous hydrogen chloride. The tan precipitate was collected by filtration, rinsed with wa- 
ter, and dried to afford 110 mg (36 %) of Example 35 as a tan solid, m.p. 126-128°C. 
Analysis calculated for C 19 H 18 N20 5 S - 0.35 H 2 0 

55 Calc'd: C, 58.10; H, 4.80; N, 7.13; S, 8.16. 

Found: C, 58.19; H, 4.59; N, 7.04; S, 8.06. 
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Example 36 

N-(3-Methyl-4-phenylmethyl-5-isoxazolyl)-4'-(2-methylpropyl)-[1 ,r-biphenyl]-2-sulfonamide 
5 A. N-(2-Bromobenzenesulfonyl)-pyrrole 

Potassium hydride (35% oil dispersion, 5.76 g, 50 mmol; washed three times with hexanes) was cov- 
ered with dry tetrahydrofuran (200 ml_) and the suspension was cooled to 0°C. Pyrrole (passed through 
activity I basic alumina, 4.16 ml, 60 mmol) in tetrahydrofuran (60 ml_) was added dropwise over 20 min. 
The ice bath was removed and the solution was allowed to stir at ambient temperature until the gas evo- 
10 lution ceased (20 minutes) whereupon 2-bromobenzenesulfonyl chloride (10.22 g, 40 mmol) in tetrahydro- 

furan (60 ml_) was added dropwise over 20 minutes. After stirring for 1 hour, the mixture was filtered 
through Celite AFAand the filter pad was rinsed with tetrahydrofuran (1 00 ml_). The filtrate was evaporated 
and the resulting white solid was recrystallized from methanol to afford 7.47 g (65%) of compound A, mp 
85.0-87.0°C. 

15 B. N-(4'-(2-Methylpropyl)-1,1'-biphenylsulfonyl)-pyrrole 

Compound B was prepared from compound Aand compound Afrom Example 21 as described for com- 
pound Afrom example 12, using toluene rather than benzene and with heating at 80°Cfor2 hours. Chro- 
matography on silica gel using 1:1 hexanes/methylene chloride afforded compound B as an oil. 

C. 4'-(2-Methylpropyl)-1,r-biphenyl-2-sulfonic acid, sodium salt 

20 A solution of compound B and 5N sodium hydroxide (53 ml_) in methanol (70 ml_) was refluxed for 6.5 

hours. Evaporation of the methanol afforded a white solid which was collected and dried under vacuum. 
Recrystallization from water (40 ml_) afforded 3.05 g (88%) of compound C as a white solid. 

D. 4'-(2-Methylpropyl)-1 f 1'-biphenyl-2-sulfonylchloride 

Compound C (1.6 g, 5 mmol) and phosphorus pentachloride (3.1 g, 15 mmol) were ground together 
25 with a glass rod and the mixture was heated at 60°C for 2.5 hours. Ice water was added and the mixture 

was extracted twice with ethyl acetate. The combined organic layers were washed with brine, dried (mag- 
nesium sulfate) and evaporated to afford 1.45 g (94%) of compound D. 

E. N-(3-Methyl-4-phenylmethyl-5-isoxazolyl)-4'-(2-methylpropyl)-[1,1'-biphenyl]-2-sulfonamide 

Compound D (0.15 g, 0.48 mmol) in pyridine (0.1 ml_) was added to a solution of 3-methyl-4-phenyl- 
30 methyl-5-isoxazolamine (0.12 g, 0.64 mmol) and dimethylaminopyridine (13 mg, 0.1 mmol) in pyridine (0.2 

ml_). The solution was stirred at 75°C for 2.5 hours, cooled to room temperature and diluted with water. 

The solution was adjusted to pH 3 with 1 N hydrochloric acid and extracted with ether (2 x 50 ml). The 

combined organic layers were washed with brine, dried (magnesium sulfate) and evaporated. The residue 

was subjected to flash chromatography (silica, 7% ethyl acetate/met hy I ene chloride) and the partially puri- 
35 f ied material was subjected to flash chromatography (silica, ether) to afford 30 mg (1 5%) of pure Example 

36 as an oil which solidified upon standing, mp 1 37.0-1 38.5°C; 

Analysis calculated for C27H28N2O3S-O.86 H 2 Q 

Calc'd: C, 68.12; H, 6.29; N, 5.88; S, 6.73. 

Found: C, 68.38; H, 6.04; N, 6.23; S, 6.31. 

40 

Example 37 

N-(4,5-Dimethyl-3-isoxazolyl)-4'-(2-methylpropyl)-[1 l 1'-biphenyl]-2-sulfonamide 

Compound D of Example 36 (0.56 g, 1 .8 mmol) in pyridine (0.8 ml_) was added to a solution of 4,5-dimethyl- 
45 3-isoxazolamine (0.25 g, 2.2 mmol) and 4-dimethylaminopyridine (44 mg, 0.4 mmol) in pyridine (0.7 mL). The 
solution was stirred at 75°C for 2.5 hours, cooled to room temperature and diluted with water (10 mL). The 
solution was adjusted to pH 3 with 6N hydrochloric acid and extracted with ether (2 x 80 mL). The combined 
organic layers were washed with brine, dried (magnesium sulfate) and evaporated. Flash chromatography (sil- 
ica, 20% ethyl acetate/hexanes) afforded 0.33 g (48%) of Example 37. Recrystallization from ether/hexane 
so afforded an analytical sample as a white crystalline solid, mp 131.5-133.0°C. 
Analysis calculated for C21H24N2O3S 
Calc'd: C, 65.60; H, 6.29; N, 7.29; S, 8.34. 
Found: C, 65.64; H, 6.33; N, 7.32; S, 8.31. 

55 Example 38 

4'-(2-Methylpropyl)-2'-Methoxy-N-(3,4-dimethyl-5-isoxazolyl)-[1,1'-biphenyl]-2-sulfonamide 
A. 4-lsobutyl-2-methoxy-phenylboronic acid 

To a solution of 4-(2-methylpropyl)-2-methoxybenzene (4.0 g, 24 mmol) in ether (1 00 mL) under argon 
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at -78°C, tetramethylethylenediamine (11 ml_, 73 mmol) was added followed by t-butyllithium (1.7 M sol- 
ution in pentane, 43 ml_) added over 5 minutes. The mixture was warmed to room temperaure, stirred for 
5 hours, cooled to -78°C and trimethyl borate (7.6 g) was added in one portion. The solution was warmed 

5 to room temperature, stirred overnight, cooled to 0°C and 20% aqueous hydrochloric acid (250 ml_) was 

added. The solution was extracted with ether and the combined ether extracts were extracted three times 
with 1 M sodium hydroxide. The precipitate which formed was collected and added to the combined aqu- 
eous extracts. This mixture was acidified with dilute hydrochloric acid to pH 2 and the solution was ex- 
tracted twice with ether. The combined ether extracts were washed once with water, dried and evaporated. 

10 The white solid was crystallized from hexanes in two crops to provide 2.1g (42%) of compound Aas a white 

solid, m.p. 68-75°C. 

B. 4 , -(2-Methylpropyl)-2 , -Methoxy-N-(3,4-dimethyl-5-isoxazolyl)-N-(methoxyethoxymeth 
biphenyl]-2-sulfonamide 

Compound B was prepared from compound Aand compound Afrom Example 4 as described for com- 
15 pound Afrom Example 12, using toluene in place of benzene and refluxing for 6 hours. Flash chromatog- 

raphy on silica gel using hexanes/ethyl acetate (3:1) provided compound B as a colorless gum. 

C. 4'-(2-Methylpropyl)-2 5, -Methoxy-N-(3,4-dimethyl-5-isoxazolyl)-[1 ,1'biphenyl]-2-sulfonamide 

Example 38 was prepared from compound B as described for Example 12, using 6N hydrochloric acid 
and with refluxing for 3 hours. Crystallization from hexanes/ethyl acetate afforded Example 38 as a white 
20 crystalline solid, m.p. 143-144°C. 

Analysis calculated for C22H26N2O4S-O.38 H 2 Q 
Calc'd: C, 62.71; H, 6.40; N, 6.65; S, 7.61. 
Found: C, 62.77; H, 6.35; N, 6.59; S, 7.85. 

25 Example 39 

4 , -(2-Methylpropyl)-2'-hydroxy-N-(3,4-dim 

To a solution of Example 38 (0.3 g, 0.72 mmol) in dry methylene chloride (25 ml_) at -78°C under argon, 
boron tribromide (1.1 mLof a 1 M solution in methylene chloride) was added. The solution was stirred for 3 hours 

30 at -78°C and was stirred overnight as it warmed to room temperature. The solution was diluted with methylene 
chloride, washed twice with water, dried and evaporated. The residue was chromatographed on silica gel using 
1% methanol/methylene chloride and the white foamy solid was crystallized from hexanes/ethyl acetate to af- 
ford 0.1 g of Example 39 as colorless prisms, m.p. 175°C. 
Analysis calculated for C21H24N2O4S-O.46 H 2 0 

35 Calc'd: C, 61.70; H, 6.14; N, 6.85; S, 7.84. 
Found: C, 61.70; H, 6.12; N, 6.66; S, 7.99. 

Example 40 

40 N-(3-Methyl-4-nitro-5-isoxazolyl)-4'-(2-methyl propyl)-[1,1'-biphenyl]-2-sulfonamide 

Example 40 was prepared from compound D of Example 36 and 3-methyl-4-nitro-5-isoxazolamine as de- 
scribed for Example 37, with stirring at room temperature for 5 days. After flash chromatography (silica, 50% 
ethyl acetate/met hylene chloride), the crude product was partitioned between ethyl acetate and water taken 
topH 1 with 6 N hydrochloric acid. The aqueous phase was extracted twice with ethyl acetate and the combined 
45 organic phases were washed with brine, dried (magnesium sulfate) and evaporated. Recrystallization from me- 
thylene chloride/hexanes afforded Example 40 as a yellow crystalline solid, mp 124-126°C. 
Analysis calculated for C20H21N3O5S 
Calc'd: C, 57.82; H, 5.09; N, 10.11; S, 7.72. 
Found: C, 57.89; H, 5.12; N, 10.25; S, 7.72. 

50 

Example 41 

N-(4-Methyl-5-isoxazolyl)-4'-(2-methylpropyl)-[1,1'-biphenyl]-2-sulfonamide 

Example 41 was prepared from compound D of Example 36 and 4-methyl-5-isoxazolamine as described 
55 for Example 37, with stirring at room temperature for 2.2 hours. Flash chromatography (silica, 10% ethyl acet- 
ate/methylene chloride) followed by trituration with ether afforded Example 41 as a white crystalline solid, mp 
153.0-155.5°C. 

Analysis calculated for C20H22N2O3S-O.39 H 2 0 
Calc'd: C, 63.65; H, 6.08; N, 7.42; S, 8.49. 
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Found: C, 63.39; H, 5.90; N, 7.68; S, 8.40. 
Example 42 

5 

4'-(2-Methylpropyl)-N-(4,5,6,7-tetrahydro-2,1-benzisoxazol-3-yl)-[1 ,1'-biphenyl]-2-sulfonamide 

Example 42 was prepared from compound D of Example 36 and 4,5,6,7-tetrahydro-2,1-benzisoxazol-3- 
amine as described for Example 37, with stirring at 75°C for 2 hours. Flash chromatography (silica, 30% ethyl 
acetate/met hylene chloride) followed by a second flash chromatography (silica, ether) followed by recrystall- 
10 ization from methylene chloride/hexanes afforded Example 42 as an off-white crystalline solid, mp 111.0- 
114.5°C. 

Analysis calculated for C23H26N2O3S 
Calc'd: C, 67.29; H, 6.38; N, 6.82; S, 7.81. 
Found: C, 66.93; H, 6.36; N, 7.04; S, 7.57. 

15 

Example 43 

4-Amino-4 , -(2-methylpropyl)-N-(3,4-dimethyl-5-isoxazolyl)-[1,r-biphenyl]-2-sulfonamide 

A. 2-Bromo-4-(1-oxoethylamino)-benzenesulfonyl chloride 

20 To 2-bromo-4-(1-oxoethylamino)-benzene (6.2 g, 29 mmol) was added chlorosulfonic acid (20 ml_). 

The solution was heated at 57°C for 3 hours, an additional 10 ml_ of chlorosulfonic acid was added and 
the solution was heated at 67°C for 6 hours. The mixture was added dropwise to ice water and the het- 
erogeneous mixture was extracted with ethyl acetate. The organic extract was washed once with brine, 
dried (magnesium sulfate) and evaporated. The residue was dissolved in ethyl acetate (50 ml_) and the 

25 solution was filtered. The insoluble solid was rinsed twice with ethyl acetate and the combined filtrates 

were evaporated to afford 6.9 g (82%) of crude compound A as a brown foamy gum. 

B. 2-Bromo-4-(1-oxoethylamino)-N-(3,4-dimethyl-5-isoxazolyl)-benzenesulfonamide 

A solution of crude compound A (6.9 g, 22 mmol), 3,4-dimethyl-5-isoxazolamine (3.96 g, 35.3 mmol) 
and dimethylaminopyridine (0.42 g, 3.5 mmol) in pyridine (25 ml_) was heated at 78°C for 3.5 hours. The 
30 solvent was evaporated and the residue was partitioned between ethyl acetate and aqueous potassium 

hydrogen sulfate. The aqueous layer was washed with ethyl acetate and the combined organic layers were 
washed with brine, dried (magnesium sulfate) and evaporated. The brown solid was subjected to flash 
chromatography on silica with 90% ethyl acetate/hexanes to afford 3.72 g (43%) of crude compound B as 
a yellow foam. 

35 C. 2-Bromo-4-(1-oxoethylamino)-N-(methoxyethoxymethyl)-N-(3,4-dimethyl-5-isoxazolyl)-benze- 

nesulfonamide 

To sodium hydride (0.32 g of an 80% oil dispersion, washed three times with hexanes; 10.5 mmol) 
was added dropwise compound A (3.72 g, 9.6 mmol) in dry tetrahydrofuran (75 ml_). The resulting supen- 
sion was cooled to 0°C and methoxyethoxymethylchloride (1 .09 ml_, 9.6 mmol) in dry tetrahydrofuran (10 

40 ml_) was added dropwise. The solution was allowed to warm to room temperature overnight, ethyl acetate 

was added and the solution was extracted with aqueous sodium hydrogen carbonate and brine, dried (mag- 
nesium sulfate) and evaporated to afford 3.82 g of a yellow foamy gum. Flash chromatography on silica 
with 80% ethyl acetate/hexanes afforded 0.52 g (11 %) of clean compound C as a yellow foamy gum as 
well as 0.92 g of less pure material. 

45 D. 4'-(2-Methylpropyl)-4-(1-oxoethylamino)-N-(methoxyethoxymethyl)-N-(3,4-dimethyl-5-isoxazo- 

lyl)-[1 ,1 '-biphenyl]-2-sulfonamide 

Compound D was prepared from compound C and 4-(2-methylpropyl)-benzeneboronic acid as descri- 
bed for com pound A of Example 12, using toluene rather than benzene, with heating at 84°C for 90 minutes. 
Flash chromatography on silica gel using hexanes/ethyl acetate (1:1) afforded compound D as a colorless 

50 gum. 

E. 4-Amino-4'-(2-methylpropyl)-N-(3,4-dimethyl-5-isoxazolyl)-[1,r-biphenyl]-2-sulfonamide 

A solution of compound D (0.40 g, 0.75 mmol) in a 1:1 mixture of 6N hydrochloric acid:95% ethanol 
(30 ml_) was heated at reflux for 4.5 hours. The ethanol was evaporated and the aqueous solution was 
taken to pH 3.5 with aqueous sodium hydrogen carbonate and extracted three times with ethyl acetate. 
55 The combined organic phases were washed with brine, dried (magnesium sulfate) and evaporated. Flash 

chromatography on silica with 25%, then 33% ethyl acetate/hexanes afforded 40 mg of Example 43 as a 
white foamy solid, m.p. 69-79°C. 
Analysis calculated for C21H25N3O3S-O.I8 H 2 0 
Calc'd: C, 62.63; H, 6.35; N, 10.43; S, 7.96. 
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Found: C, 63.03; H, 6.62; N, 10.03; S, 7.55. 
Example 44 

5 

2'-Fluoro-4'-(2-methylpropyl)-N-(3,4-dimethyl-5-isoxazolyl)-[1,1'-biphenyl]-2-sulfonamide 
A. 3-Fluoro-(2-methyl-1-propenyl)-benzene 

To a solution of isopropyl triphenylphosphonium iodide (32 g, 74 mmol) in ether (620 ml_) at -15°C, n- 
butyllithium (1 .6 M in hexane, 55 ml_, 88 mmol) was added dropwise. The mixture was stirred at room tem- 

10 perature for 3 hours, cooled to -78°C, and 3-fluorobenzaldehyde (10.1 g, 81 mmol) was added slowly. The 

mixture was stirred at room temperature overnight, cold water was added and the mixture was stirred for 
several minutes and filtered. The organic phase of the filtrate was separated and washed three times with 
water, dried (magnesium sulfate), filtered and concentrated. The residue was chromatographed on silica 
gel with pentane to afford 10 g of compound A (90%) as a colorless liquid. 

15 B. 3-Fluoro-(2-methylpropyl)-benzene 

A mixture of compound A (8 g, 53 mmol) and 10% palladium on carbon (1.2g) in ethyl acetate (80 ml_) 
was hydrogenated at 60 psi for 1 hour. The mixture was filtered, the filtrate was concentrated and the re- 
sidue was distilled under vacuum to afford compound B as a colorless liquid (5.9 g, 74%), b.p. 113°C/150 
mmHg. 

20 C. 2-Fluoro-4-(2-methylpropyl)-phenylboronic acid 

Compound C was prepared from compound B as described for compound A of Example 38, with the 
following changes. The t-butyllithium solution was stirred at - 78°C for 5 hours. Initial extractions were per- 
formed with methylene chloride and the combined organic phases were concentrated to 100 mL before 
base extraction, during which no precipitate was observed. Trituration with hexanes afforded compound 
25 C as a white solid, m.p. 96-1 00°C. 

D. 2 , -Fluoro-4'-(2-methylpropyl)-N-(methoxyet^ 
phenyl]-2-sulfonamide 

Compound D was prepared from compound C and compound Afrom Example 4 as described for com- 
pound A of Example 12, using toluene rather than benzene, with heating at 80°Cfor 3 hours. Flash chro- 
30 matography on silica gel using hexanes/ethyl acetate (4:1) afforded compound D as a colorless gum. 

E. 2 , -Fluoro-4'-(2-methylpropyl)-N-(3,4-dimethyl-5-isoxazolyl)-[1 ,1'-biphenyl]-2-sulfonamide 

Example 44 was prepared from compound D as described for Example 12, using 6N hydrochloric acid 
and with refluxing for 3 hours. Flash chromatography on silica gel using hexanes/ethyl acetate (3:1) fol- 
lowed by crystallization from hexanes/ethyl acetate afforded Example 44 as colorless crystals, m.p. 139- 
35 141°C. 

Analysis calculated for C21H23N2O3FS. 

Calc'd: C, 62.67: H, 5.76; F, 4.72; N, 6.96; S, 7.97. 

Found: C, 62.81; H, 5.83; F, 4.59; N, 6.97; S, 8.03. 

40 Example 45 

4-Methoxy-4'-(2-methylpropyl)-N-(3,4-dimethyl-5-isoxazolyl)-[1,1'-biphenyl]-2-sulfonamide 

A. N-(3,4-dimethyl-5-isoxazolyl)-2-bromo-4-methoxybenzenesulfonamide 

To chlorosulfonic acid (10 mL) at 0 °C was added dropwise 3-bromoanisole (9.3 g, 50 mmol) at such 
45 a rate that the internal temperature remained below 5 °C. The mixture was stirred at 0 °C for 2 hours and 

added dropwise to crushed ice. The mixture was extracted three times with methylene chloride and the 
combined organic layers were dried (sodium sulfate) and concentrated to afford a mixture of 2-bromo-4- 
methoxy-benzenesulfonyl chloride and 4-bromo-2-methoxy-benzenesulfonyl chloride (756 mg, 5%) as a 
colorless oil. A solution of this material (756 mg, 1 mmol), 3,4-dimethyl-5-isoxazolamine (386 mg, 3.44 
50 mmol) and 4-dimethylaminopyridine (65 mg, 0.53 mmol) in dry pyridine (5 mL) was heated at 70 °C for 2 

hours. The mixture was cooled to room temperature and was poured into water . The pH of the mixture 
was adjusted to 8 with saturated sodium bicarbonate solution and the mixture was extracted twice with 
ether. The aqueous layer was brought to pH 2 with 6 N hydrochloric acid and was extracted three times 
with ether. These organic extracts were combined, dried (sodium sulfate) and concentrated to provide a 
55 mixture of compound A and the regiomeric N-(3,4-dimethyl-5-isoxazolyl)-4-bromo-2-methoxy-benzene- 

sulfonamide as a tan foam (743 mg). Chromatography (flash, silica, 2% methanoVchloroform) provided 
pure compound A (288 mg, 30%). 

B. 2-Bromo-4-methoxy-N-(methoxyethoxymethyl)-N-(3,4-dimethyl-5-isoxazolyl)-benzenesulfona- 
mide 
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To a 0 °C suspension of sodium hydride (60% oil dispersion, 33.5 mg, 0.837 mmol) in dry tetrahydro- 
furan (2 ml_) was added dropwise a solution of compound A (288 mg, 0.797 mmol) in dry tetrahydrofuran 
(4 ml_). After stirring at 0°C for 30 min, methoxyethoxymethyl chloride (0.100 ml_, 0.877 mmol) was added 

5 dropwise. After 2 hours, an additional portion of methoxyethoxymethyl chloride (0.015 ml_) was added. 

After an additional 1 hour, the mixture was poured into saturated sodium chloride and 1 N hydrochloric 
acid was added. The mixture was extracted three times with ethyl acetate and the combined organic layers 
were dried (magnesium sulfate) and concentrated. Chromatography (flash, silica, 30% ethyl acetate/hex- 
anes) provided compound B as a transparent oil (293 mg, 88%). 

10 C. 4-Methoxy-4'-(2-methylpropyl)-N-(methoxyethoxymethyl)-N-(3,4-dimethyl-5-isoxazolyl)-[1,1'- 

biphenyl]-2-sulfonamide 

Compound C was prepared from compound B and 4-(2-methylpropyl)-benzeneboronic acid as described 
for compound A of Example 12, using toluene rather than benzene, with heating at reflux for 30 minutes. Flash 
chromatography on silica gel using hexanes/ethyl acetate (4:1 ) afforded compound D as a colorless gum. Chro- 

15 matography (flash, silica, 30% ethyl acetate/hexanes) yielded compound C as a colorless oil (292 mg, 81%). 

D. 4-Methoxy-4'-(2-methylpropyl)-N-(3,4-dimethyl-5-isoxazolyl)-[1,1'-biphenyl]-2-sulfonamide 

Example 45 was prepared from compound C as described for Example 12, using 6N hydrochloric acid 
and with heating at 80°C for 19 hours. Flash chromatography on silica gel using hexanes/ethyl acetate 
(2:1) afforded Example 45 as a colorless glassy solid. 

20 Analysis calculated for C22H2eN2O4S-O.il H 2 0. 

Calc'd: C, 63.44; H, 6.35; N, 6.76; S, 7.97. 
Found: C, 63.52; H, 6.34; N, 6.65; S, 8.03. 

Example 46 

25 

2'-Amino-N-(3 } 4-dimethyl-5-isoxazolyl)-4'-(2-methylpropyl)[1,1'-biphenyl]-2-sulfonamide 

A. 3-(2-Methyl-1-propenyl)-nitrobenzene 

To isopropyl triphenylphosphonium iodide (74 g, 170 mmol) in 1:1 ethentetrahydrofuran (850 ml_) at 
-15°C, n-butyllithium (1.6 M in hexane, 118 ml_, 188 mmol) was added dropwise. The mixture was stirred 

30 at room temperature for 3 hours, cooled to -50°C, and a solution of 3-nitrobenzaldehyde (28.4 g, 1 88 mmol) 

in tetrahydrofuran (60 ml_) was added slowly. The mixture was stirred at room temperature overnight, cold 
water and hexane were added and the mixture was stirred for several minutes and filtered. The organic 
phase of the filtrate was separated and washed three times with water, dried (magnesium sulfate) and con- 
centrated. The residue was chromatographed on silica gel with 50:1 hexanes/ethyl acetate to afford com- 

35 pound A (23 g, 76%) as a light yellow liquid. 

B. 3-(2-Methyl-1-propenyl)-aniline 

A mixture of compound A (4.0 g, 22 mmol) and 5% Pt/C (400 mg) in methanol (40 ml_) was hydrogenated 
at 45 psi overnight. The mixture was filtered and the filtrate concentrated to provide compound B (3.11 g, 92%). 

C. N-(2,2-Dimethyl-1-oxopropyl)-3-(2-methyl-1-propenyl)-aniline 

40 To compound B (3.11 g, 21.1 mmol) and trimethylacetyl chloride (3.31 g, 27.5 mmol) in methylene 

chloride (53 ml_) at 0°C, triethylamine (4.28 g, 42.2 mmol) was added slowly. The mixture was stirred at 
0°C for 1 hour and at room temperature for 15 minutes and poured into ice water. The aqueous layer was 
extracted twice with ethyl acetate and the combined organic phases were washed with brine, dried and 
concentrated. The residue was chromatographed on silica gel with 25:2 hexanes/ethyl acetate to provide 

45 compound C (3.8 1g, 78%) as a white solid. 

D. N-(2,2-Dimethyl-1-oxopropyl)-3-(2-methyl-1-propyl)-aniline 

A mixture of compound C (3.47 g, 15 mmol) and 10% Pd/C (520 mg) in ethyl acetate (35 ml_) was 
hydrogenated at 60 psi for 1 hour. The mixture was filtered and the filtrate concentrated to provide com- 
pound D (3.41 g, 98%). 

50 E. 2-(2,2-Dimethyl-1-oxo-1-propylamino)-4-(2-methyl-1-propyl)-phenylboronic acid 

To compound D (2.86 g,12.3 mmol) and tetramethylethylenediamine (4.28 g, 36.8 mmol) in ether (25 
ml_) at - 40°C, t-butyllithium (1.7 M in pentane, 21.6 ml_, 36.8 mmol) was added dropwise. The solution 
was stirred at room temperature for 2.5 hours, cooled to -20°C and tri methyl borate (3.82 g, 36.8 mmol) 
was added slowly. The mixture was stirred at -1 0°C to 0°C for 1 hour and at room temperature for 3 hours, 
55 cooled to 0°C and 1 0% aqueous hydrochloric acid was added. The aqueous layer was extracted three times 

with methylene chloride and the combined organic phases were washed with brine, dried and concentrat- 
ed. The residue was triturated with ether to afford compound E as a white solid (2.52 g, 74%), m.p.>250°C. 
F. 2'-(2,2-Dimethyl-1-oxo-1-propylamino)-N-(3,4-dim 
thyl]-4'-(2-methyl-propyl)[1,1'-biphenyl]-2-sulfonamide 
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Compound F was prepared from compound E and compound Afrom Example 4 as described for com- 
pound A from Example 12, using toluene in place of benzene and heating at 75°C for 7 hours. Flash chro- 
matography on silica gel using hexanes/ethyl acetate (4:1) provided compound F as a colorless gum. 

5 G. 2'-Amino-N-(3,4-dimethyl-5-isoxazolyl)-4'-(2-methyl-propyl)[1,1'-biphenyl]-2-sulfonamide 

To a solution of compound F (354 mg, 0.62 mmol) in 95% ethanol (20 ml_), 50% sulfuric acid (20 ml_) 
was added and the mixture was heated at reflux for 3.5 hours. The mixture was cooled and poured onto 
iced 30% ammonium hydroxide. The mixture was acidified to pH<5 with acetic acid and extracted four times 
with ethyl acetate. The combined organic extracts were washed with brine, dried and concentrated. Prep- 

10 arative HPLC (30 x 500 mm ODS S10 column using 65% solvent A (90% methanol, 10% water, 0.1% tri- 

f luoroacetic add) and 35% solvent B (1 0% methanol, 90% water, 0.1 %trif luoroacetic acid)) provided a solid 
which was further purified by chromatography on silica using 2% methanol/methylene chloride to afford 
Example 46 as a white solid, m.p. 60-70°C (amorphous). 
Analysis calculated for C21H25N3O3S-O.25 H 2 0. 

15 Calc'd: C, 62.44; H, 6.36; N, 10.40; S, 7.94. 

Found: C, 62.65; H, 6.23; N, 10.19; S, 7.67. 



Claims 

20 

1. A compound of the formula 
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30 

wherein: 

one of X and Y is N and the other is O; 

R 1 , R 2 and R 3 are each independently 
(a) hydrogen, except that R 1 is other than hydrogen; 
35 (b) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, ary- 

loxy, aralkyl, or aralkoxy, any of which may be substituted with Z 1 , Z 2 and Z 3 ; 

(c) halo; 

(d) hydroxyl; 

(e) cyano; 
40 (f) nitro; 

(g) -C(0)H or -C(0)R6; 

(h) -C0 2 H or -C0 2 R 6 ; 

(i) -SH, -S(0) n R6, -S(0) m -OH, -S(0) m -OR6, -0-S(0) m -R*, -0-S(0) m OH, or -0-S(0) m -OR*; 
0) -Z 4 -NR 7 R 8 ; or 

45 (k) -Z 4 -N(R 11 )-Z 5 -NR 9 R 10 ; 

R 4 and R 5 are each independently 

(a) hydrogen; 

(b) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, ary- 
loxy, aralkyl, or aralkoxy, any of which may be substituted with Z 1 , Z 2 and Z 3 ; 

so (c) halo; 

(d) hydroxyl; 

(e) cyano; 

(f) nitro; 

(g) -C(0)Hor-C(0)R6; 
55 (h) -C0 2 H or -C0 2 R 6 ; 

(i) -SH, -S(0) n R6, -S(Q) m -OH, -S(0) m -OR6, -0-S(0) m -R6, -0-S(0) m OH, or -0-S(0) m -OR*; 
(j) -Z 4 -NR 7 R 8 ; 

(k) -Z 4 -N(R 11 )-Z 5 -NR 9 R 10 ; or 

(I) R 4 and R 5 together are alkylene or alkenylene (either of which may be substituted with Z 1 , Z 2 and 
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Z 3 ), completing a 4- to 8-membered saturated, unsaturated or aromatic ring together with the carbon 
atoms to which they are attached; 

R 6 is alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, 
or aralkyl, any of which may be substituted with Z 1 , Z 2 and Z 3 ; 
R 7 is 

(a) hydrogen; 

(b) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, or 
aralkyl, any of which may be substituted with Z 1 , Z 2 and Z 3 ; 

(c) cyano; 

(d) hydroxyl; 

(e) -C(0)H or -C(0)R6; 

(f) -C0 2 R 6 ; or 

(g) -SH, -S(0) n R6, -S(0) m -OH, -S(0) m -OR 8 , -0-S(0) m -R*, -0-S(0) m OH, or-0-S(0) m -OR 8 , except when 
Z^ is -S(0) n -; 

R 8 is 

(a) hydrogen; 

(b) -C(0)H or -C(0)R 6 , except when Z 4 is -C(O)- and R 7 is -C(0)H, -C(0)R 6 or -C0 2 R 6 ; or 

(c) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, or 
aralkyl, any of which may be substituted with Z 1 , Z 2 and Z 3 ; or 

R 7 and R 8 together are alkylene or alkenylene (either of which may be substituted with Z 1 , Z 2 and 
Z 3 ), completing a 3- to 8-membered saturated, unsaturated or aromatic ring together with the nitrogen 
atom to which they are attached; 

R 9 is 

(a) hydrogen; 

(b) hydroxyl; 

(c) -C(0)H or -C(0)R6; 

(d) -C0 2 RS; 

(e) -SH, -S(0) n R6, -S(0) m -OH, -S(0) m -OR*, -0-S(0) m -R 8 , -0-S(0) m OH or -0-S(0) m -OR 8 ; or 

(f) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, or aral- 
kyl, any of which may be substituted with Z 1 , Z 2 and Z 3 ; 

Riois 

(a) hydrogen; 

(b) -C(0)H or -C(0)R 6 , except when Z 5 is -C(O)- and R 9 is -C(0)H, -C(0)R 6 or -C0 2 R 6 ; or 

(c) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, or 
aralkyl, any of which may be substituted with Z 1 , Z 2 and Z 3 ; 

Rn is 

(a) hydrogen; 

(b) hydroxyl; 

(c) -C(0)H, -C(0)R 6 or C0 2 R 6 ; or 

(d) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, or 
aralkyl, any of which may be substituted with Z 1 , Z 2 and Z 3 ; 

or any two of R 9 , R 10 and R 11 together are alkylene or alkenylene (either of which may be substituted with 
Z 1 , Z 2 and Z 3 ), completing a 3- to 8-membered saturated, unsaturated or aromatic ring together with the 
atoms to which they are attached; 

Z 1 , Z 2 and Z 3 are each independently 

(a) hydrogen; 

(b) halo; 

(c) hydroxy; 

(d) alkyl; 

(e) alkenyl; 

(f) aralkyl; 

(g) alkoxy; 

(h) aryloxy; 

(i) aralykoxy; 

(j) -SH, -S(0) n Z*, -S(0) m -OH, -S(0) m -OZ*, -0-S(0) m -Z*, -0-S(0) m OH, or -0-S(0) m -OZ*; 
(k) oxo; 
(I) nitro; 
(m) cyano; 
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(n) -C(0)H or -C(0)Z 6 ; 
(o) -C0 2 H or -C0 2 Z 6 ; 
(p) -Z 4 -NZ 7 Z 8 ; 
(q) -Z 4 -N(Z 11 )-Z 5 -Z 6 ; or 
(r) -Z 4 -N(Z 11 )-Z 5 -NZ 7 Z 8 ; 

Z 4 and Z 5 are each independently 

(a) a single bond; 

(b) -Z 9 -S(0) n -Z«>-; 

(c) -Z 9 -C(0)-Z«>-; 

(d) -Z 9 -C(S)-Z 10 -; 

(e) -Z9-O-Z10-; 

(f) -Z 9 -S-Z 10 -; or 

(f) -Z 9 -S-Z 10 -; or 

(g) -Z 9 -0-C(0)-Z«>-; 

Z 6 , Z 7 and Z 8 are each independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, 
cycloalkenyl, cycloalkenylalkyl, aryl, or aralkyl, or Z 7 and Z 8 together are alkylene or alkenylene, complet- 
ing a 3- to 8-membered saturated, unsaturated or aromatic ring together with the nitrogen atom to which 
they are attached; 

Z 9 and Z 10 are each independently a single bond, alkylene, alkenylene, or alkynylene; 
Z 11 is 

(a) hydrogen; 

(b) hydroxyl; 

(c) -C(0)H, -C(0)Z 6 or C0 2 Z 6 ; or 

(d) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, or aralkyl; 
or any two of Z 7 , Z 8 and Z 11 together are alkylene or alkenylene, completing a 3- to 8-membered saturated, 
unsaturated, or aromatic ring together with the atoms to which they are attached; 

m is 1 or 2; and 
n is 0, 1, or 2. 

The compound of Claim 1 , wherein R 1 is phenyl or phenoxy, optionally substituted with alkyl, alkoxy, 
-NZ 7 Z 8 , halo, or hydroxy. 

The compound of Claim 2, wherein R 7 , R 8 , Z 7 and Z 8 are each independently hydrogen, alkyl or-C(0)alkyl. 

The compound of Claim 3, wherein R 7 , R 8 , Z 7 and Z 8 are each independently hydrogen, methyl, methy- 
lethyl or acetyl. 

The compound of Claim 1, wherein R 1 is phenyl or phenoxy, optionally substituted with alkyl, alkoxy, ami- 
no, alkylamino, dialkylamino, alkanoylamino, or hydroxy. 

The compound of any one of Claims 1-5, wherein R 2 and R 3 are each independently hydrogen, alkyl, or 
-NR 7 R 8 . 

The compound of any one of Claims 1-5, wherein R 2 and R 3 are each independently hydrogen, alkyl of 1 
to 4 carbon atoms, amino, alkylamino, dialkylamino, or alkanoylamino. 

The compound of any one of Claims 1-7, wherein R 4 and R 5 are alkyl. 

The compound of Claim 1, which is 

N-(3,4-Dimethyl-5-isoxazolyl)[1,1'-biphenyl]-2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-2-bromobenzene-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-2-phenoxybenzene-sulfonamide; 

3'-Amino-N-(3,4-dimethyl-5-isoxazolyl)[1,1'-biphenyl]-2-sulfonamide; 

2-Fluoro-N-(3,4-dimethyl-5-isoxazolyl)benzene-sulfonamide; 

N-[3-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl]-4-methylphenyl]acetamide; 

5-Amino-N-(3,4-Dimethyl-5-isoxazolyl)-2-methyl-benzenesulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-2-(1 -methylethyl)-benzenesulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-2-nitro-benzenesulfonamide; 

2-Amino-N-(3,4-dimethyl-5-isoxazolyl)benzene-sulfonamide; 
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N-(3,4-Dimethyl-5-isoxazolyl)-4'-methyl[1 ,1'-biphenyl]-2-sulfonamide; 

2'-Amino-N-(3,4-dimethyl-5-isoxazolyl)-[1,1'-biphenyl]-2-sulfonamide; 

3'-(Dimethylamino)-N-(3,4-dimethyl-5-isoxazolyl)[1 ,1'-biphenyl]-2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-2-(trifluoromethyl)-benzenesulfonamide; 

2-Chloro-N-(3,4-dimethyl-5-isoxazolyl)-6-methylbenzene-sulfonamide; 

4'-(Dimethylamino)-N-(3,4-dimethyl-5-isoxazolyl)[1 ,1'-biphenyl]-2-sulfonamide; 

N-[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][1,1-biphenyl]-3-yl]acetamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-4'-propyl[1,1'-biphenyl]-2- sulfonamide; 

2-(Dimethylamino)-N-(3,4-dimethyl-5-isoxazolyl)benzenesulfonamide; 

2'-(Dimethylamino)-N-(3,4-dimethyl-5-isoxazolyl)-[1 ,1'-biphenyl]-2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-4'-(2-methylpropyl)-[1 ,1'-biphenyl]-2-sulfonamide; 

4'-Butyl-N-(3,4-dimethyl-5-isoxazolyl)[1,1'-biphenyl]-2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-2-(1-naphthalenyl)-benzenesulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-3'-(2-methylpropyl)-[1 ,1'-biphenyl]-2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-4'-(2-methylpropoxy)-[1 ,1'-biphenyl]-2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-4'-(1-methylethoxy)-[1 ,1'-biphenyl]-2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-4'-(phenylmethyloxy)-[1,1'-biphenyl]-2-sulfonamide; 

4'-(1 ,1-Dimethylethyl)-N-(3,4-dimethyl-5-isoxazolyl)-[1 ,1'-biphenyl]-2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-4'-methoxy-[1,1'-biphenyl]-2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-4'-[(1-methylethyl)-amino][1 ,1'-biphenyl]-2-sulfonamide; 

2-[[[[2'-[[(3,4-Dimet hyl-5-isoxazolyl)amino]sulfonyl]-[1 , 1 '-biphenyl]-4-yl](1 -met hylet hyl)amino]carbo- 
nyl]-amino]-4-methylpentanoic acid, ethyl ester; 

2'-Amino-N-(3,4-dimethyl-5-isoxazolyl)-4'-(2-methyl-propyl)[1,1'-biphenyl]-2-sulfonamide; 

N-[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfony][1,1'-biphenyl]-4-yl]]-N-(1-methyleth 
benzenepropanamide; 

2'-Nitro-N-(3,4-dimethyl-5-isoxazolyl)-[1,1'-biphenyl]-2-sulfonamide; 

5-[[(2-phenyl)phenyl]sulfonyl]amino]-3-methyl-4-isoxazolecarboxylic acid, ethyl ester; 

N-(3-Methyl-4-phenylmethyl-5-isoxazolyl)-4'-(2-m 

N-(4,5-Dimethyl-3-isoxazolyl)-4'-(2-methylpropyl)-[1,1'-biphenyl]-2-sulfonamide; 

4'-(2-Methylpropyl)-2'-Methoxy-N-(3,4-dimethyl-5-isoxazolyl)-[1,1'-biphenyl]-2-sulfonamide^ 

4'-(2-Methylpropyl)-2'-hydroxy-N-(3,4-dimethyl-5-isoxazolyl)-[1,1'-biphenyl]-2-sulfonamide; 

N-(3-Methyl-4-nitro-5-isoxazolyl)-4'-(2-methylpropyl)-[1,1'-biphenyl]-2-sulfonamide; 

N-(4-Methyl-5-isoxazolyl)-4'-(2-methylpropyl)-[1,1'-biphenyl]-2-sulfonamide; 

4'-(2-Methylpropyl)-N-(4,5,6,7-tetrahydro-2,1-benzisoxazol-3-yl)-[1,1'-biphenyl]-2-sulfon 

4-Amino-4'-(2-methylpropyl)-N-(3,4-dimethyl-5-isoxazolyl)-[1,1'-biphenyl]-2-sulfonamide; 

2'-Fluoro-4'-(2-methylpropyl)-N-(3,4-dimethyl-5-isoxazolyl)-[1,1'-biphenyl]-2-sulfonamide; or 

4-Methoxy-4'-(2-methylpropyl)-N-(3,4-dimethyl-5-isoxazolyl)-[1,1'-biphenyl]-2-sulfonamide. 

10. A compound of the formula 




wherein: 

one of X and Y is N and the other is O; 
R 1 , R 2 and R 3 are each independently 

(a) hydrogen, except that R 1 is other than hydrogen; 

(b) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, ary- 
loxy, aralkyl, or aralkoxy, any of which may be substituted with Z 1 , Z 2 and Z 3 ; 

(c) halo; 

(d) hydroxyl; 

(e) cyano; 

(f) nitro; 
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(g) -C(0)H or -C(0)R 6 ; 

(h) -C0 2 H or -C0 2 R 6 ; 

(i) -SH, -S(0) n R 8 , -S(0) m -OH, -S(0) m -OR6, -0-S(0)m-R6, -0-S(0) m OH, or -0-S(0) m -OR 8 ; 
5 0) -Z 4 -NR 7 R 8 ; or 

(k) -Z 4 -N(R 11 )-Z 5 -NR 9 R 10 ; 

R 4 and R 5 are each independently 

(a) hydrogen; 

(b) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, ary- 
10 loxy, aralkyl, or aralkoxy, any of which may be substituted with Z 1 , Z 2 and Z 3 ; 

(c) halo; 

(d) hydroxyl; 

(e) cyano; 

(f) nitro; 

15 (g) -C(0)H or -C(0)R 6 ; 

(h) -C0 2 H or -C0 2 R 6 ; 

(i) -SH, -S(0) n R 8 , -S(0) m -OH, -S(0) m -OR 8 , -0-S(0) m -R 8 , -0-S(0) m OH, or -0-S(0) m -OR 8 ; 
(j) -Z 4 -NR 7 R 8 ; 

(k) -Z 4 -N(R 11 )-Z 5 -NR 9 R 10 ; or 

20 (I) R 4 and R 5 together are alkylene or alkenylene (either of which may be substituted with Z 1 , Z 2 and 

Z 3 ), completing a 4- to 8-membered saturated, unsaturated or aromatic ring together with the carbon 
atoms to which they are attached; 

R 6 is alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, 
or aralkyl, any of which may be substituted with Z 1 , Z 2 and Z 3 ; 
25 R 7 is 

(a) hydrogen; 

(b) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, or 
aralkyl, any of which may be substituted with Z 1 , Z 2 and Z 3 ; 

(c) cyano; 
30 (d) hydroxyl; 

(e) -C(0)H or -C(0)R 6 ; 

(f) -C0 2 H or -C0 2 R 6 ; or 

(g) -SH, -S(0) n R 6 , -S(0) m -OH, -S(0) m -OR 6 , -0-S(0) m -R 6 , -0-S(0) m OH, or-0-S(0) m -OR 6 , except when 
Z 4 is -S(0)n-; 

35 Re is 

(a) hydrogen; 

(b) -C(0)H or -C(0)R 6 , except when Z 4 is -C(O)- and R 7 is -C(0)H, -C(0)R 8 , -C0 2 H, or -C0 2 R 6 ; or 

(c) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, or 
aralkyl, any of which may be substituted with Z 1 , Z 2 and Z 3 ; or 

40 R 7 and R 8 together are alkylene or alkenylene (either of which may be substituted with Z 1 , Z 2 and 

Z 3 ), completing a 3- to 8-membered saturated, unsaturated or aromatic ring together with the nitrogen 
atom to which they are attached; 
R 9 is 
(a) hydrogen; 
45 (b) hydroxyl; 

(c) -C(0)H or -C(0)R 6 ; 

(d) -C0 2 H or -C0 2 R 8 ; 

(e) -SH, -S(0) n R 8 , -S(0) m -OH, -S(0) m -OR 8 , -0-S(0) m -R 8 , -0-S(0) m OH, or -C-S(0) m -OR 8 ; or 

(f) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, oraral- 
50 kyl, any of which may be substituted with Z 1 , Z 2 and Z 3 ; 

R 10 is 

(a) hydrogen; 

(b) -C(0)H or -C(0)R 6 , except when Z 5 is -C(O)- and R 9 is -C(0)H, -C(0)R 6 , -C0 2 H, or -C0 2 R 6 ; or 

(c) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, or 
55 aralkyl, any of which may be substituted with Z 1 , Z 2 and Z 3 ; 

R 11 is 

(a) hydrogen; 

(b) hydroxyl, C0 2 R 6 or C0 2 H, except when one of R 9 and R 10 is hydroxyl, C0 2 R 6 or C0 2 H; 

(c) -C(0)H or -C(0)R 6 ; or 
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(d) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, or 
aralkyl, any of which may be substituted with Z 1 , Z 2 and Z 3 ; 
or any two of R 9 , R 10 and R 11 together are alkylene oralkenylene (either of which may be substituted with 
5 Z 1 , Z 2 and Z 3 ), completing a 3- to 8-membered saturated, unsaturated or aromatic ring together with the 

atoms to which they are attached; 

Z 1 , Z 2 and Z 3 are each independently 

(a) hydrogen; 

(b) halo; 

10 (c) hydroxy; 

(d) alkoxy; 

(e) -SH, -S(0) n Z 8 , -S(0) m -OH, -S(0) m -OZ 8 , -0-S(0) m -Z 8 , -0-S(0) m OH, or -0-S(0) m -OZ 8 ; 

(f) oxo; 

(g) nitro; 
15 (h) cyano; 

(i) -C(0)H or-C(0)Z 6 ; 
(j) -C0 2 H or -C0 2 Z 8 ; 
(k) -Z 4 -NZ 7 Z 8 ; or 
(I) -Z 4 -NZ 11 -Z 5 -NZ 7 Z 8 ; 
20 Z 4 and Z 5 are each independently 

(a) a single bond; 

(b) -Z 9 -S(0) n -Z«>-, 

(c) -Z 9 -C(0)-Z 10 -; 

(d) -Z 9 -C(S)-Z 10 -; 
25 (e) -Z 9 -0-Z 10 -; 

(f) -Z 9 -S-Z 10 -; or 

(g) -Z 9 -O-C(O)-Zi0-; 

Z 6 , Z 7 and Z 8 are each independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, 
cycloalkenyl, cycloalkenylalkyl, aryl, or aralkyl, orZ 7 and Z 8 together are alkylene or alkenylene, complet- 
30 ing a 3- to 8-membered saturated, unsaturated or aromatic ring together with the nitrogen atom to which 

they are attached; 

Z 9 and Z 10 are each independently a single bond, alkylene, alkenylene, or alkynylene; 
Z 11 is 

(a) hydrogen; 

35 (b) hydroxyl, -C0 2 H, or -C0 2 Z 6 , except when one of Z 7 and Z 8 is hydroxyl, -C0 2 H, or -C0 2 Z 6 ; 

(c) -C(0)H or -C(0)Z 6 ; or 

(d) alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenylalkyl, aryl, or 
aralkyl; 

or any two of Z 7 , Z 8 and Z 11 together are alkylene or alkenylene, completing a 3- to 8-membered saturated, 
40 unsaturated, or aromatic ring together with the atoms to which they are attached; 

m is 1 or 2; and 
n is 0, 1, or 2. 

11. The compound of any preceding claim, for use as an active pharmaceutical substance. 

45 

12. Use of the compound of any one of Claims 1-10 for the manufacture of a medicament for the treatment 
of an endothelin-related disorder in a mammal. 

13. Use of the compound of any one of Claims 1-10 for the manufacture of a medicament for the treatment 
5Q of hypertension. 

14. Use of the compound of any one of Claims 1-10 for the manufacture of a medicament for the treatment 
of a renal, glomerular or mesangial cell disorder. 

15. Use of the compound of any one of Claims 1-10 for the manufacture of a medicament for the treatment 
55 of endotoxemia. 

16. Use of the compound of any one of Claims 1-10 for the manufacture of a medicament for the treatment 
of ischemia. 
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